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PREFACE 


This  report  discusses  the  manner  in  which  emerging  Air  Force  em¬ 
ployment  strategies  for  the  Expeditionary  Aerospace  Force  (EAF) 
should  be  supported.  Although  much  work  remains  to  define  and 
prepare  Air  Force  units  for  EAF  responsibilities,  it  is  clear  that  EAF 
concepts  will  play  a  critical  role  in  the  future  Air  Force.  EAF  concepts 
rely  on  rapidly  deployable,  immediately  employable,  highly  effective, 
and  flexible  air  and  space  force  packages  that  can  fill  the  same 
strategic  role  as  a  permanent  forward  presence  in  deterring  and  re¬ 
sponding  to  aggression.  To  a  great  extent,  EAF  success  will  depend 
on  the  effectiveness  and  efficiency  of  the  support  system  that  un¬ 
dergirds  combat  operations.  The  Air  Force  has  designated  such  a 
support  system  one  of  its  six  necessary  core  competencies  and  has 
labeled  it  the  Agile  Combat  Support  (ACS)  system. 

Planning,  programming,  and  budgetary  system  decisions  affect  both 
the  efficiency  and  the  effectiveness  of  ACS  systems.  Long-term  ACS 
decisions  in  turn  influence  the  support  structures  needed  to  meet 
the  operational  requirements  of  future  force  mixes.  Midterm  ACS 
decisions  affect  the  design,  development,  and  evolution  of  the  sup¬ 
port  infrastructure  for  meeting  operational  requirements  within  pro¬ 
gramming  and  budgeting  time  horizons.  Near-term  decisions  affect 
where,  when,  and  how  existing  resources  are  employed.  At  all  such 
stages,  logistics  requirements  can  be  satisfied  in  a  variety  of  ways, 
each  associated  with  different  costs,  degrees  of  flexibility,  response 
times,  and  risks. 

This  study  addresses  alternatives  for  meeting  demands  for  F-15 
avionics  components  across  the  spectrum  of  EAF  operations,  ranging 
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from  major  theater  wars  to  peacetime  operations.  The  options 
(strategic  decisions)  available  range  from  the  current  policy  of  de¬ 
ploying  intermediate-maintenance  capabilities  with  the  flying  units 
to  decentralized  and  consolidated  efforts  in  which  repairable  avion¬ 
ics  components  are  transported  between  units  and  maintenance  lo¬ 
cations. 

Our  research  shows  that  consolidating  intermediate  F-15  avionics 
maintenance  offers  the  potential  to  significantly  enhance  support  re¬ 
sponsiveness,  reduce  deployment  airlift  requirements,  and  ease  the 
stress  that  frequent  and  unpredictable  deployments  place  on  main¬ 
tenance  personnel. 

This  research,  sponsored  by  the  Air  Force  Deputy  Chief  of  Staff  for 
Installations  and  Logistics  (AF/IL),  was  conducted  by  the  Resource 
Management  Program  of  Project  AIR  FORCE.  It  is  part  of  a  larger 
project  on  “Evaluating  Agile  Combat  Support  Options  for  Imple¬ 
menting  the  Expeditionary  Air  Force.”  Other  project  publications 
include  Supporting  Expeditionary  Aerospace  Forces:  A  Concept  for 
Evolving  the  Agile  Combat  Support/Mobility  System  of  the  Future , 
MR-1179-AF,  2000;  Supporting  Expeditionary  Aerospace  Forces:  An 
Integrated  Strategic  Agile  Combat  Support  Planning  Framework,  MR- 
1056-AF,  1999;  Supporting  Expeditionary  Aerospace  Forces:  Ex¬ 
panded  Analysis  ofLANTIRN  Options ,  MR-1225-AF,  2000;  and  Sup¬ 
porting  Expeditionary  Aerospace  Forces:  New  Agile  Combat  Support 
Postures ,  MR-1075-AF,  2000. 

This  report  examines  the  logistics  processes  and  organizational  de¬ 
sign  for  F-15  avionics  maintenance  and  assumes  the  reader  is  famil¬ 
iar  with  Air  Force  logistics.  Those  less  familiar  with  Air  Force  logistics 
or  logistics  in  general  should  still  find  Chapter  One  (Introduction), 
Chapter  Two  (Support  Structure  Options  and  the  Decision  Space), 
and  Chapter  Seven  (Conclusion)  informative.  For  a  more  general 
treatment  of  the  implications  of  this  analysis  and  related  works,  we 
recommend  MR-1179-AF,  Supporting  Expeditionary  Aerospace 
Forces:  A  Concept  for  Evolving  the  Agile  Combat  Support/Mobility 
System  of  the  Future. 
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Project  AIR  FORCE,  a  division  of  RAND,  is  the  Air  Force  Federally 
Funded  Research  and  Development  Center  (FFRDC)  for  studies  and 
analyses.  It  provides  the  Air  Force  with  independent  analyses  of 
policy  alternatives  affecting  the  development,  employment,  combat 
readiness,  and  support  of  current  and  future  aerospace  forces.  Re¬ 
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SUMMARY 


In  the  current  Air  Force  support  system  for  F-15  avionics,  each  base 
with  F-15  aircraft  has  an  avionics  intermediate  maintenance  shop 
(AIS)  for  repairing  avionics  line  replaceable  units  (LRUs),  or  compo¬ 
nents  that  are  removed  and  replaced  by  flight  line  mechanics.  The 
present  policy  is  to  deploy  the  AIS  with  aircraft  from  home  bases  to 
forward  operating  locations  (FOLs).  We  refer  to  this  concept  as  a  de¬ 
centralized- deployment  support  option.  This  system  places  a  heavy 
deployment  burden  on  avionics  personnel  and  requires  substantial 
airlift  for  the  AIS  equipment.  These  burdens  also  adversely  affect  the 
Expeditionary  Aerospace  Force  (EAF)  goals  of  increasing  response 
speed,  reducing  strain  on  personnel,  and  reducing  deployment  foot¬ 
print,  or  the  amount  of  materiel  that  must  deploy  with  a  force. 

What  F-15  avionics  maintenance  options  might  the  Air  Force 
consider  in  its  efforts  to  achieve  EAF  goals?  We  examine  alternatives 
that  eliminate  or  reduce  AIS  deployments  by  providing  spare  parts 
replenishments  to  FOLs  through  distribution  rather  than  local  repair, 
comparing  these  alternatives  both  to  each  other  and  to  the  current 
system.  These  include: 

•  The  current  decentralized- deployment  system 

•  A  decentralized-no-deployment  system  in  which  each  AIS  sup¬ 
ports  deployed  aircraft  from  home  instead  of  deploying  with  air¬ 
craft  to  FOLs 

•  A  single  continental  United  States  (CONUS)  support  location 
(CSL)  with  consolidated  repair  for  worldwide  support  in  both 
peace  and  war 


XV 


xvi  An  Analysis  of  F- 15  Avionics  Options 


•  A  CSL  in  network  with  two,  three,  or  four  regional  repair  forward 
support  locations  (FSL)  that  would  support  operations  in  both 
peace  and  war. 

Figure  S.l  presents  a  notional  support  structure  comprising  four 
FSLs  and  one  CSL  located  at  existing  and  hypothetical  bases. 

Our  analysis  focuses  on  system  costs,  deployment  requirements,  and 
operational  risks  associated  with  each  of  these  these  alternatives.  We 
also  consider  how  technological  change  and  transformation  of 
current  processes  would  affect  system  performance  in  meeting  EAF 
goals.  We  consider,  for  example,  how  faster  order-and-ship  times 
than  those  currently  achieved  and  implementation  of  the  electronic 
system  test  set  (ESTS)  being  developed  to  reduce  deployment 
footprint  and  personnel  requirements  would  affect  comparisons 
between  support  structure  alternatives. 


RAND  MR1 174-AF-S.  1 

RAF 


Figure  S.l — Notional  Four-FSL  and  One-CSL  Structure 


SYSTEM  COSTS 

To  compare  the  costs  of  the  alternatives,  we  calculated  the  present 
value  of  operating  and  investment  costs.  We  found  that  the  consoli¬ 
dated  alternatives  reduce  annual  operating  costs  in  exchange  for  ini¬ 
tial  investments  in  F-15  avionics  serviceable  spare  parts.  The  level  of 
consolidation  affects  the  balance  of  this  tradeoff  in  that  greater 
consolidation  yields  the  greatest  reduction  in  personnel  costs,  but 
this  gain  is  offset  by  even  greater  increases  in  spare  parts 
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requirements,  as  well  as  by  smaller  increases  in  transportation  costs. 
The  net  result  is  that,  using  the  current  testers  and  assuming  current 
order-and-ship  times,  the  four-FSL/one-CSL  option  yields  the  lowest 
net  cost  of  the  consolidated  alternatives  and  is  the  only  alternative 
that  is  cost-competitive  with  the  current  decentralized-deployment 
system.  Reducing  order-and-ship  times  would  make  the  four- 
FSL/one-CSL  system  less  costly  than  the  current  system. 

Each  alternative  using  the  ESTS  and  current  order-and-ship  times 
would  be  more  costly  than  the  current  system  using  the  ESTS.  This  is 
because  adoption  of  ESTS  in  itself  produces  some  of  the  personnel 
savings  generated  by  consolidation,  the  biggest  cost  advantage  of 
consolidated  systems.  With  the  ESTS,  reducing  order-and-ship  times 
makes  the  four-FSL/one-CSL  option  only  slightly  more  expensive 
than  the  current  system. 

REDUCING  EQUIPMENT  AND  PERSONNEL  DEPLOYMENT 
REQUIREMENTS 

Quick-hitting  expeditionary  operations  require  rapid  deployment  of 
combat  forces,  placing  a  premium  on  reducing  deployment  foot¬ 
print,  or  the  amount  of  initial  airlift  needed  to  transport  support 
equipment.  For  a  major  theater  war  deployment,  all  the  alternatives 
we  considered  would  reduce  deployment  footprint  for  F-15  avionics 
maintenance  capabilities  by  up  to  60  C-141  or  43  C-17  load  equiva¬ 
lents  from  that  needed  for  the  current  decentralized-deployment 
system.  ESTS  adoption  would  also  greatly  reduce  deployment 
footprint  for  the  current  system,  so  with  ESTS  the  alternatives  we 
considered  would  generate  only  a  marginal  reduction  in  deployment 
footprint  of  12  C-141  or  9  C-17  load  equivalents. 

The  current  decentralized  structure  has  high  and  frequent  personnel 
deployment  requirements.  The  consolidated  structures  would 
eliminate  deployment  requirements  for  some  small-scale  contingen¬ 
cies  and  reduce  them  for  major  theater  wars.  Each  consolidated 
alternative  we  consider  would  also  be  less  stressing  than  those 
required  by  the  current  system  in  that  deployments  would  be  to  FSLs 
rather  than  to  FOLs,  which  are  more  likely  to  be  in  hostile  areas.  Of 
course,  the  decentralized-no-deployment  structure  would  eliminate 
deployment  personnel  requirements. 
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Personnel  retention  problems  have  made  it  difficult  for  the  Air  Force 
to  maintain  the  required  skill-level  mix  of  personnel  in  areas  such  as 
F-15  avionics  repair.  To  solve  this  problem,  the  Air  Force  can  either 
work  toward  improving  the  retention  of  its  current  personnel  or  find 
other  sources  of  repair  personnel.  The  Air  Force  has  attributed  its 
personnel  retention  problems  to  frequent  deployments  to  FOLs  over 
the  last  decade.  RAND  research  on  the  effects  of  deployment  on 
personnel  retention  conceptually  supports  this  contention  but  also 
concludes  that  a  low  to  moderate  level  of  deployment,  particularly  to 
nonhostile  locations  such  as  those  in  which  FSLs  would  be 
positioned,  has  a  positive  effect  on  personnel  retention.1  By  this 
standard,  a  CSL  in  network  with  FSLs  would  be  the  most  favorable 
alternative  for  personnel  retention,  but  the  elimination  of 
deployments  would  probably  remain  preferable  to  excessive 
deployments  to  FOLs  in  potentially  hostile  environments. 
Alternatively,  the  elimination  of  deployments  to  FOLs  gives  the  Air 
Force  flexibility  in  how  it  decides  to  achieve  required  personnel 
levels.  Should  the  Air  Force  seek  to  find  other  sources  of  repair 
personnel,  eliminating  deployments  or  keeping  them  limited  to  FSLs 
would  allow  for  the  use  of  contractors,  government- employed 
civilians,  or  allied  partnerships. 

RISK 

Decentralized  and  consolidated  structures  carry  different  opera¬ 
tional  risks.  Decentralized  deployment  is  associated  with  risks  in 
equipment  deployment,  setup,  and  downtime.  Current  planning 
assumes  that  the  AIS  will  deploy  and  be  operational  by  day  three  of 
flying  operations.  Any  difficulties  encountered  in  deploying  or 
setting  up  this  complex  equipment  and  making  it  fully  operational 
effectively  delays  resupply.  Also,  if  just  a  single  set  of  testers  is 
deployed  to  a  location,  as  should  happen  when  only  one  squadron 
deploys  to  an  FOL,  then  the  squadron  using  those  testers  faces  a 
‘‘single-string”  risk,  wherein  a  breakdown  of  just  one  tester  can  halt 
resupply  for  an  entire  group  of  parts.  Resupply  shortfalls  can  result 
in  the  decline  of  aircraft  availability  below  planned  levels. 
“Emergency”  setup  of  an  unplanned  distribution  channel  to  the  FOL 
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could  mitigate  resupply  shortfalls  resulting  from  tester-associated 
problems. 

For  both  the  consolidated  and  the  decentralized-no-deployment  al¬ 
ternatives  that  we  consider,  the  need  to  set  up  an  effective  wartime 
distribution  system  between  repair  and  operating  locations  is  the 
major  source  of  risk.  Delays  in  implementation  would  hinder  resup¬ 
ply  much  as  would  delays  in  deploying  testers  under  a  decentralized - 
deployment  policy.  Similarly,  any  gap  between  the  order-and-ship 
time  planning  assumptions  used  to  plan  forward  inventory  levels 
and  that  actually  achieved  would  result  in  a  resupply  capability  that 
would  be  unable  to  support  the  planned  level  of  aircraft  availability. 
This  risk  may  increase  as  customs  regulations  or  the  remoteness  of 
operating  locations  increase. 

SUMMARY  OF  ALTERNATIVE  COMPARISONS 

The  current  decentralized- deployment  policy,  which  calls  for  slightly 
higher  levels  of  personnel  and  testers  than  those  in  place  today, 
could  provide  the  same  level  of  support  at  the  same  cost  as,  or  at  a 
lower  cost  than,  the  alternatives  we  examine.  Disadvantages  such  as 
personnel  instability,  deployment  footprint,  and  equipment  setup 
and  “single -string”  risks,  however,  have  already  led  many  deploying 
units  to  modify  their  procedures  on  an  ad  hoc  basis. 

Modifying  the  current  system  to  eliminate  AIS  deployment,  as  in  the 
decentralized-no-deployment  option,  eliminates  personnel  and 
equipment  deployment  requirements  but  requires  a  one-time  in¬ 
crease  in  spare  parts  for  the  supply  pipeline.  Furthermore,  a  mod¬ 
erate  level  of  personnel  deployment  rather  than  the  elimination 
thereof  may  be  of  most  benefit  to  retention. 

The  four-FSL/one-CSL  option  is  cost  competitive  with  the  current 
decentralized-deployment  option  and  addresses  each  of  its 
disadvantages.  It  offers  a  moderate  level  of  personnel  deployment  to 
nonhostile  locations  and  eliminates  equipment  deployment  and  its 
accompanying  risks.  These  benefits  may  be  somewhat  offset  by  the 
risk  inherent  in  the  need  to  quickly  establish  effective  wartime 
intratheater  distribution. 
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A  TEST  OF  A  REGIONAL  F- 15  REPAIR  FSL 

During  Operation  Noble  Anvil  (ONA),  the  air  war  against  Serbia,  the 
48th  Component  Repair  Squadron  at  RAF  Lakenheath  implemented 
the  FSL  repair  concept  as  part  of  a  system  of  FSLs  set  up  by  United 
States  Air  Forces  in  Europe,  thereby  formalizing  practices  they  had 
used  on  an  ad  hoc  basis  for  several  years.  They  were  able  to 
successfully  support  their  own  aircraft  at  FOLs  as  well  as  concurrent 
deployments  to  Southwest  Asia  using  existing  assets  without  any 
deployment  of  AIS  personnel  or  equipment.  In  fact,  between 
October  1998  and  March  1999,  as  tensions  rose  or  eased,  the  wing 
supported  by  this  squadron  made  seven  different  partial-unit 
deployments  back  and  forth  from  Lakenheath  to  Southwest  Asia  and 
Italy  without  moving  the  AIS  (Figure  S.2).  Normally,  Air  Force  policy 
would  require  that  these  deployments  include  the  AIS,  but  since  all 
of  the  units  were  supported  from  the  Lakenheath  FSL,  no  support 
equipment  had  to  move.  As  a  result,  airlift  requirements  for  these 
seven  deployments  were  reduced  by  35  C-141  sorties.  More  than  any 
theoretical  description  of  the  flexibility  that  FSLs  can  provide  in 
today’s  dynamically  shifting  environment,  these  operations 
demonstrated  the  advantage  nondeploying  maintenance  structures 
confer  in  facilitating  the  repositioning  of  forces  as  quickly  as  political 
situations  change. 

The  squadron  also  implemented  plans  for  the  Lakenheath  avionics 
maintenance  FSL  to  support  an  augmentation  of  F- 15s  from  CONUS 
for  ONA  with  just  half  the  deployment  footprint  and  personnel  that 
would  have  been  required  had  the  deploying  wing’s  AIS  moved  to  the 
new  FOL.  In  a  permanent  consolidated  structure,  even  this  limited 
deployment  of  equipment  would  not  have  been  required  because  the 
equipment  would  already  have  been  in  place;  thus,  only  personnel 
would  have  had  to  deploy.  In  exchange  for  the  reduction  in 
deployment  airlift,  the  FSL  had  to  rely  on  a  steady  flow  of  transporta¬ 
tion  to  provide  resupply  to  the  operating  locations. 

Lakenheath  logisticians  used  their  prior  experience,  including  that 
gained  by  the  October  1998  deployment  to  Cervia  (shown  in  Figure 
S.2),  to  conduct  transportation  planning  for  providing  support  from 
an  FSL.  This  enabled  it  to  provide  rapid  and  responsive  resupply  of 
serviceable  parts  to  FOLs  from  the  start  of  ONA  through  the  in¬ 
tratheater  distribution  system  and  a  Lakenheath-managed 
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Figure  S.2— At  Lakenheath  FSL  Facilitation  of  Operational  Flexibility 
During  a  Time  of  Heavy  Political  Turbulence 


“distribution  system''  that  augmented  the  joint  system.  The  Laken¬ 
heath  distribution  system  was  critical  to  the  success  of  the  operation. 
Other  Air  Force  FSLs  established  in  support  of  ONA  relied  solely  on 
the  joint  intratheater  distribution  system  but  did  not  find  that  system 
sufficiently  responsive. 

CONCLUSION 

The  key  issue  in  determining  whether  to  adopt  an  alternative  F-15 
avionics  support  structure  seems  to  be  the  level  of  risk  posed  by  the 
need  to  quickly  establish  a  wartime  theater  distribution  system.  We 
recommend  that  the  Air  Force  review  current  plans  for  wartime 
theater  distribution  and  then  work  as  part  of  the  joint  community  to 
modify  them  as  necessary  to  address  potential  performance  gaps. 
Even  if  the  Air  Force  then  elects  to  continue  with  the  current 
structure,  improving  the  wartime  theater  distribution  system  would 
reduce  equipment  risk.  Assuming  that  the  Air  Force  and  joint 
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community  develop  “reliable”  plans  for  wartime  theater  distribution, 
we  recommend  the  adoption  of  a  consolidated  network  of  regional 
repair  locations  to  reduce  deployment  burdens  and  enhance 
flexibility  if  the  Air  Force  continues  to  use  the  current  testers.  Such  a 
network  would  provide  more  benefits  than  ESTS  adoption  at  less 
cost.  If  the  Air  Force  proceeds  with  ESTS  implementation,  however, 
the  alternative  systems  would  cost  more  than  the  current  policy  and 
provide  fewer  benefits.  In  this  case,  the  reduced  personnel 
deployment  requirements  and  flexibility  provided  by  the  alternative 
structures  should  be  weighed  against  their  associated  spare-parts  in¬ 
vestment  requirements. 
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INTRODUCTION 


EVOLVING  OPERATIONAL  AND  LOGISTICS 
REQUIREMENTS 

The  recent  increase  in  frequent,  small-scale,  short-notice  deploy¬ 
ments  to  unpredictable  locations  has  placed  a  severe  strain  on  Air 
Force  personnel  and  sustainment  capabilities.1  Political  expecta¬ 
tions  of  a  continuing  need  for  this  high  but  uncertain  operating 
tempo  and  rapid  response  capability  have  forced  the  Air  Force  to  de¬ 
velop  new  concepts  of  operations.  Ad  hoc  Aerospace  Expeditionary 
Forces  (AEFs)  have  thus  evolved  into  the  creation  of  the  Expedi¬ 
tionary  Aerospace  Force  (EAF),  which  is  designed  to  transform  the 
Air  Force  into  a  sustainable  fast-strike  tool  capable  of  responding 
anywhere  in  the  world.2  Consequently,  Air  Force  logisticians  are 
now  racing  to  determine  how  logistics  structures  and  practices 
should  change  to  best  meet  EAF  operating  demands. 


JRyan  (1998). 

2The  EAF  is  the  "Air  Force  Vision  to  organize,  train,  equip,  and  sustain  itself  to  provide 
rapidly  responsive,  tailored  aerospace  force  for  21st  century  military  operations.”  Its 
purpose  is  to  improve  response  speed  and  flexibility  while  decreasing  the  deployment 
strain  for  a  CONUS-based  Air  Force.  The  EAF  will  organize  the  Air  Force  into  ten  vir¬ 
tual  AEFs  comprising  combat,  mobility,  and  support  resources  that  Joint  Force  com¬ 
manders  can  tailor  to  specific  missions.  Five  mobility  wings  will  be  paired  with  two 
AEFs  each  and  will  be  on  call  at  the  same  time  as  their  companion  AEFs.  The  AEFs  will 
operate  on  a  90-day  “on  call”  window  once  every  15  months.  This  will  give  personnel 
a  more  predictable  deployment  schedule  and  increase  the  stability  of  their  personal 
lives.  See  Schnaible  (1999). 
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The  Cold  War  Origins  of  Today's  System 

The  current  Agile  Combat  Support  (ACS)  system  reflects  Cold  War 
demands,  and  consists  of  the  remnants  of  a  system  designed  to  sup¬ 
port  one  very  large  conflict  in  Central  Europe  and  a  potentially 
smaller  one  in  Northeast  Asia.  During  the  Cold  War,  this  system  had 
an  extensive  overseas  infrastructure  that  placed  large  forces  and 
supplies  where  they  were  expected  to  be  employed.  For  the  most 
part,  planning  assumed  that  forces  would  have  to  fight  with  what  was 
already  in  place,  and  logistics  support  policies  were  designed  around 
this  assumption.  Since  the  end  of  the  Cold  War,  however,  political 
pressure  to  reduce  both  defense  outlays  and  overseas  forces  has  led 
to  a  smaller  force  structure  based  to  a  greater  extent  in  the  Continen¬ 
tal  United  States  (CONUS).  While  the  basing  structure  has  evolved, 
however,  the  support  system  has  not.  Logistics  policies  have  not 
changed  to  reflect  the  fact  that  most  forces  today  are  not  where  they 
are  likely  to  fight. 

In  the  past  decade,  the  need  for  a  continuous  presence  in  Southwest 
Asia  (SWA)  has  highlighted  the  mismatch  between  basing  structure 
and  support  system.  Without  forces  permanently  stationed  forward 
in  this  area,  presence  has  been  achieved  through  a  continuous  series 
of  deployments.  Such  deployments  have,  however,  consumed  large 
amounts  of  resources,  interrupted  training,  and  pulled  people  away 
from  home  both  frequently  and  unpredictably,  thereby  making  it 
difficult  to  sustain  readiness  and  retain  trained  personnel.3  A  never- 
ending  string  of  other  contingencies  has  convinced  the  Air  Force  that 
this  has  become  the  rule.  Growing  evidence  of  the  strain  created  by 
these  deployments,  with  their  Cold  War  design- driven  practices,  led 
Air  Force  leaders  to  develop  the  EAF  and  set  out  to  develop  new  sup¬ 
port  concepts. 

New  Logistics  Challenges 

The  reliance  on  primarily  CONUS-based  forces,  coupled  with  new 
force  employment  concepts  to  meet  unpredictable  political  de- 


3See,  e.g.,  Richter  (1998b).  Note,  however,  that  other  research  has  shown  that  some 
deployment  may  improve  retention.  For  additional  reports  on  the  effects  of  increased 
operating  tempo  and  personnel  tempo  on  military  readiness,  see  Richter  (1998a), 
Williams  (1998),  and  Hosek  and  Totten  (1998). 
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mands,  presents  the  Air  Force  with  significant  support  challenges. 
The  EAF  offers  a  vision  in  which  the  Air  Force  is  able  to  deploy  both 
large  and  small  forces  quickly,  employ  them  immediately,  and  sus¬ 
tain  them  indefinitely.  To  meet  the  demanding  EAF  timelines  for 
immediate  employment  and  sustainment,  units  must  be  able  to  de¬ 
ploy  rapidly  to  forward  operating  locations  (FOLs)  and  quickly  estab¬ 
lish  logistics  processes. 

The  need  to  deploy  large  forces  quickly  is  driving  the  Air  Force  to  find 
ways  to  reduce  the  support  resources  that  must  be  shipped  during 
initial  combat  operations  so  that  more  combat  forces  can  deploy 
during  this  period.  Cutting  deployment  requirements  for  support  re¬ 
sources  can  be  accomplished  in  two  ways.  The  first  is  to  pre-position 
resources  where  they  are  most  likely  to  be  needed.  The  second  is  to 
eliminate  the  need  for  certain  resources  at  forward  locations  either 
by  eliminating  the  need  for  the  resource  altogether  or  to  change 
practices  to  make  “reachback”  effective.  Limited  access  to  foreign 
bases,  uncertainty  about  contingency  locations,  resource  con¬ 
straints,  and  difficulty  in  protecting  forward  locations  favor  the  latter 
option.  In  the  long  term,  new  aircraft  designs  promise  to  reduce 
maintenance  requirements,  precision-guided  munitions  promise  to 
decrease  the  weight  and  cube  of  munitions,  and  more  effective 
weapon  systems  promise  to  decrease  needed  force  sizes.  However, 
dramatic  design-driven  changes  will  occur  gradually  over  an  exten¬ 
sive  period.  In  the  meantime,  it  is  therefore  imperative  that  the  Air 
Force  change  structures  and  processes  in  ways  that  reduce  the  de¬ 
ployment  burden.  Such  innovations  will  also  enhance  the  impact  of 
technological  developments. 

Reducing  the  “footprint”  (i.e.,  materials  needed)  for  support  by  sup¬ 
plying  operations  through  responsive  resupply  has  thus  become  an 
attractive  method  of  operations.  With  a  responsive  resupply 
pipeline,  for  example,  substantial  early-airlift  capacity  devoted  to  the 
deployment  of  bulky  maintenance  equipment  for  component  repair 
at  FOLs  could  be  traded  for  constant  and  much  smaller  capacity  ded¬ 
icated  to  spare-parts  airlift  through  the  duration  of  a  conflict.  And 
this  airlift,  depending  on  the  resources  available  at  the  FOL,  could  be 
even  less  than  that  normally  needed  to  sustain  forward- deployed 
maintenance  personnel.  This  line  of  reasoning  can  be  found  in  a 
growing  body  of  Department  of  Defense  (DoD)-wide  work  examining 
distribution-based  support  structures  that  aim  to  keep  as  much  ma- 
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teriel  and  equipment  as  possible  away  from  the  “front  lines”  in  ef¬ 
forts  to  increase  response  speed. 

Maintaining  readiness  to  meet  potential  major  theater  war  (MTW) 
requirements  while  temporarily  deploying  a  significant  portion  of 
the  force  to  meet  “boiling  peacetime  commitments”  presents  addi¬ 
tional  support  challenges.4  The  support  system  must  be  able  to  ac¬ 
commodate  EAF  operations  in  a  variety  of  locations  with  different 
infrastructures  in  any  area  of  responsibility  (AOR).  At  the  same  time, 
it  must  be  flexible  enough  to  deal  with  dynamically  changing  events 
and  capable  of  shifting  rapidly  from  one  kind  of  operation  to  an¬ 
other. 

THE  AGILE  COMBAT  SUPPORT  SYSTEM  OF  THE  FUTURE 

Recognizing  that  future  operational  capabilities  depend  to  a  large 
degree  on  ACS  infrastructure  and  process  decisions  made  now,  Air 
Force  leaders  have  begun  to  examine  how  the  combat  support  sys¬ 
tem  can  best  meet  the  EAF's  logistics  challenges.  Efforts  are  thus  be¬ 
ing  made  to  develop  alternatives  and  then  evaluate  how  well  these 
alternatives  support  EAF  operational  objectives  in  comparison  to  the 
current  system.  At  the  same  time,  the  Air  Force  recognizes  that  to¬ 
day's  budget  environment  will  require  that  future  support  structure 
and  policy  alternatives  cost  about  the  same  as  today's,  if  not  less. 

A  New  ACS  Concept  That  Mixes  CONUS  and 
Forward-Based  Assets 

Since  the  initial  creation  of  ad  hoc  AEFs,  RAND  researchers  have 
been  examining  current  and  alternative  support  concepts  in  efforts 
to  understand  how  well  they  support  expeditionary  operating  con¬ 
cepts.5  The  starting  point  for  this  research  was  the  initial  AEF  “line  in 
the  sand,”  a  declaration  stating  that  the  Air  Force  would  develop  a 
force  capable  of  dropping  bombs  on  targets  anywhere  in  the  world 
within  48  hours.  Using  simple  spreadsheet  models  to  evaluate  sup- 


4“Boiling  peacetime  commitments”  is  a  term  coined  by  General  John  Jumper  to  de¬ 
scribe  the  requirements  to  deploy  a  significant  amount  of  aerospace  forces  during 
peacetime  to  ensure  global  stability. 

5Tripp  et  al.  (1999). 
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ply  system  processes  to  support  a  variety  of  commodities,  re¬ 
searchers  found  that  for  some  commodities  the  current  system  could 
not  achieve  this  target,  as  it  just  took  too  long  to  move  and  set  up 
equipment  from  home  station  bases.  The  use  of  forward  preposi¬ 
tioning,  however,  was  found  to  make  48-hour  employment  achiev¬ 
able.  At  the  same  time,  prepositioning  increases  resource  require¬ 
ments  and  thus  boosts  costs,  so  it  is  not  feasible  everywhere. 

Research  was  then  conducted  to  explore  the  actual  capabilities  of  the 
current  process  and  the  extent  to  which  these  capabilities  could  be 
improved  through  policy  and  structure  modification.  For  which 
commodities  would  a  distribution-based  system  be  appropriate  to¬ 
day?  Which  would  need  prepositioning  to  meet  EAF  goals?  And  are 
there  options  that  combine  elements  of  the  two  to  provide  a  better 
overall  solution? 

We  briefly  review  one  such  commodity  analysis — for  heavy  bombs — 
that  helped  illuminate  the  research  issues  and  from  which  a  new  vision 
of  a  possible  future  Air  Force  ACS  began  to  emerge.  Comparing  spin- 
up  time,  or  the  time  needed  to  launch  sustained  combat  operations,  to 
costs  incurred  by  prepositioning  materiel  is  one  of  the  tradeoffs  posed 
by  alternative  ACS  structures.  Analysis  revealed  that  heavy  bombs 
must  be  positioned  at  FOLs  in  order  to  achieve  a  48-hour  employment 
goal  (see  Figure  1.1).  Even  with  FOL  prepositioning  of  these 
munitions,  current  processes  can  barely  achieve  that  aggressive 
timeline.  However,  the  right  bar  and  line  in  Figure  1.1  show  that  while 
stockpiling  munitions  centrally  in  CONUS  is  much  cheaper,  spin-up 
time  is  twice  as  long  and  exhibits  more  variability.  But  what  if  these 
factors  were  balanced?  The  middle  portion  of  Figure  1.1  displays  the 
spin-up  time  and  costs  of  a  system  in  which  prepositioned  munitions 
are  consolidated  at  a  few  strategic  locations  to  accommodate  the 
possibility  of  AEF  operations  in  multiple  AORs.  This  range  of 
alternatives  illustrates  the  tradeoffs  between  munitions  costs  and  spin- 
up  time  generated  by  varying  the  ACS  infrastructure.  Deciding  which 
ACS  structure  to  use  depends  on  the  relative  values  the  Air  Forces 
places  on  operating  costs  and  spin-up  time  as  well  as  other  logistics 
support  metrics.6 


6For  more  information  on  the  nature  of  these  tradeoffs,  see  Galway  et  al.  (2000). 
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NOTE:  IOR  (initial  operating  requirement)  is  the  amount  of  materiel  that  should 
be  in  place  to  allow  for  sustained  combat  operations  from  the  commencement  of 
combat  until  resupply. 

Figure  1.1 — Tradeoff  Between  Investment/Recurring  Cost  and  Spin-Up 
Time  (bars  represent  cost  and  lines  represent  time) 


This  munitions  example  and  similar  analyses  of  other  commodities 
have  indicated  that  the  peacetime  location  of  ACS  assets  and  pro¬ 
cesses — whether  at  FOLs,  forward  support  locations  (FSLs)  in  or  out 
of  theater,  or  CONUS  support  locations  (CSLs) — can  be  a  critical  el¬ 
ement  in  the  tradeoff  between  cost  and  spin-up  time  as  well  as  in 
tradeoffs  between  many  other  performance  measures  important  to 
EAF  operational  concepts.  These  metrics  include  spin-up  time,  cost, 
deployment  airlift  footprint,  operational  risk,  operational  flexibility 
and  personnel  turbulence. 

A  potential  model  for  future  alternative  ACS  systems  has  begun  to 
emerge  from  individual  commodity  analyses  evaluated  using  these 
metrics.7  In  this  model,  each  ACS  option  is  based  on  the  peacetime 
positioning  of  assets  and  processes  and  on  where  those  assets  will 


7Galway  et  al.  (2000). 
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move  in  response  to  aircraft  deployments.  For  each  commodity  and 
process,  positioning  should  begin  with  an  evaluation  of  options  us¬ 
ing  the  six  metrics,  and  a  selection  should  then  be  based  on  the  rela¬ 
tive  values  the  Air  Force  places  on  each  measure  of  merit.  An  ACS 
system  capable  of  handling  a  wide  spectrum  of  operations  is  likely  to 
be  built  from  a  combination  of  five  components: 

1.  FOLs.  Some  FOLs  in  critical  areas  would  require  that  substantial 
resources  be  prepositioned  to  allow  for  rapid  deployments  of 
heavy  combat  aerospace  packages,  perhaps  augmented  with  more 
austere  FOLs  that  would  take  longer  to  spin  up.  In  parts  of  the 
world  where  quick  response  is  not  necessary  or  missions  are  not 
demanding,  FOLs  might  all  be  of  the  second  form. 

2.  FSLs.  The  configuration  and  specific  functions  of  FSLs  would  de¬ 
pend  on  their  geographic  location,  the  threat,  and  the  costs  and 
benefits  of  using  current  facilities.  Western  and  Central  Europe, 
for  example,  are  currently  stable  and  secure,  and  an  FSL  estab¬ 
lished  there  could  support  operations  in  adjacent  AORs  such  as 
SWA. 

3.  CSLs  (either  decentralized  or  consolidated).  Analogous  to  the 
FSLs,  a  similar  support  structure  is  needed  to  support  CONUS 
forces,  since  some  repair  capability  and  other  activities  may  be 
removed  from  units.  As  with  FSLs,  a  variety  of  different  activities 
may  be  set  up  at  major  Air  Force  bases,  convenient  civilian  trans¬ 
portation  hubs,  or  Air  Force  or  other  defense  repair  depots. 

4.  A  transportation  network  connecting  the  FOLs  and  FSLs  with 
each  other  and  with  CONUS,  including  en  route  tanker  support. 
This  is  essential,  as  FSLs  and  FOLs  must  be  connected  via  trans¬ 
portation  links.  FSLs  themselves  might  even  be  transportation 
hubs. 

5.  A  logistics  command-and-control  (C2)  system.  This  would  coor¬ 
dinate  the  system,  organize  transport  and  support  activities,  and 
allow  the  system  to  react  swiftly  to  rapidly  changing  circum¬ 
stances. 

The  appropriate  balance  between  these  building  blocks  depends  on 
numerous  factors.  The  primary  focus  of  the  system  should  be  on  ar¬ 
eas  of  vital  U.S.  interests,  e.g.,  on  clusters  of  FSLs  and  FOLs  in  Korea, 
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SWA,  and  Europe.  In  some  areas,  the  threat  may  not  be  time- critical 
(e.g.,  it  may  not  include  armored  attack  over  an  unobstructed  corri¬ 
dor),  in  which  case  it  may  be  acceptable  for  FOLs  to  be  relatively  un¬ 
developed,  perhaps  with  potential  locations  merely  identified,  rather 
than  fully  developed  with  substantial  prepositioning.  Actual  AEF 
operating  and  support  locations  will  depend  on  variables  such  as 
existing  infrastructure  and  force  protection,  political  factors 
(especially  those  affecting  access  to  bases  and  resources),  and  the 
potential  that  locations  offer  for  building  relationships  with  allies 
and  host  nations. 

Near-term  ACS  structure  design  decisions  should  consider  current 
forces  and  support  processes.  As  new  policies  and  practices  are  dis¬ 
covered  and  implemented,  as  the  Air  Force  gains  experience  with  ex¬ 
peditionary  operations,  and  as  new  technologies  for  ground  support, 
munitions,  shelter,  and  other  resources  become  available,  decisions 
will  need  to  be  revisited  and  the  support  system  configuration  ad¬ 
justed  to  reflect  new  capabilities.  Transportation  time  improve¬ 
ments,  for  example,  could  render  support  operations  from  CONUS 
more  effective  and  allow  for  reductions  in  prepositioned  resources. 

Implications  of  This  New  ACS  Concept  for  F-15  Avionics 
Maintenance 

F-15  operations  are  currently  supported  by  a  three-echelon  mainte¬ 
nance  system.  At  the  flight  line,  mechanics  remove  and  replace  ma¬ 
jor  components  using  stock  kept  in  base  supply.  The  second  eche¬ 
lon,  intermediate-level  maintenance  (ILM),  consists  of  a  component 
repair  activity  in  the  logistics  group  of  each  F-15  wing  that  is  collo¬ 
cated  with  the  aircraft  squadrons.  ILM  serves  to  replenish  base  sup¬ 
ply  for  a  designated  set  of  components  by  using  “piece  parts”  stored 
in  base  supply  to  repair  these  components.  Current  policy  calls  for 
F-15  intermediate  avionics  maintenance  activities  to  deploy  with  air¬ 
craft  to  FOLs.  The  third  echelon  is  depot  repair,  which  handles  com¬ 
ponents  that  intermediate  maintenance  is  unable  to  repair  as  well  as 
those  designated  for  depot  repair  only.  Rather  than  rely  on  distribu¬ 
tion  for  support,  this  system  depends  on  moving  mass  to  the  FOL, 
maintenance  equipment,  personnel,  and  spare  parts. 
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This  report  examines  how  alternative  F-15  avionics  intermediate- 
maintenance  structures  based  on  distribution,  derived  from  the  new 
ACS  concepts  described  in  the  previous  section,  would  impact  the 
cost-effectiveness  of  F-15  avionics  support.  The  analysis  focuses  on 
understanding  the  implications,  benefits,  and  affordability  of  con¬ 
ducting  intermediate-level  component  maintenance  at  FSLs  and 
CSLs  instead  of  at  home  bases  and  FOLs,  as  is  the  policy  today.  The 
analysis  considers  the  support  requirements  necessary  to  meet 
peacetime  and  wartime  demands  for  all  avionics  components  for  all 
F-15Cs  and  F-15Es.8  In  addition  to  examining  the  implications  of 
maintenance  locations,  this  research  presents  an  example  of  how 
technology  investment  compares  with  policy  options  such  as  consol¬ 
idating  maintenance  to  achieve  EAF  objectives  such  as  reducing  the 
deployment  footprint.  Specifically,  this  report  compares  how  in¬ 
vestments  in  a  new,  downsized  avionics  tester  that  would  deploy 
with  F-15  squadrons  would  compare  with  the  continued  application 
of  existing  testers  used  instead  at  consolidated  repair  locations. 

ANALYSIS  APPROACH 

ACS  General  Analytic  Approach 

We  use  an  employment-driven  modeling  approach  developed  in 
earlier  RAND  research  for  planning  and  evaluating  ACS  structures.9 
The  first  step  in  this  approach  is  to  determine  the  force  packages  (i.e., 
aircraft  numbers  and  types)  and  operating  profile  necessary  to  ac¬ 
complish  anticipated  missions  (see  Figure  1.2).  The  second  step 
consists  of  two  elements,  the  first  of  which  involves  translating  this 
information  to  the  operating  demand  on  the  logistics  system — in  this 
case  the  expected  number  of  avionics  components  that  must  be  re¬ 
placed  on  each  F-15  aircraft  each  day.  Using  as  their  basis  the  sup¬ 
port  structure  (the  desired  mix  of  FOLs  with  prepositioned  materiel, 


8We  apply  specific  definitions  to  the  EAF  ACS  elements  with  regard  to  F-15  avionics 
intermediate  maintenance.  CSLs  represent  consolidated  repair  activities  in  CONUS, 
and  FSLs  serve  as  forward  consolidated  repair  activities.  In  some  cases  FOLs  will 
simply  be  forward  operating  bases  and  in  others  they  will  have  wartime  repair  capabil¬ 
ity  (but  not  prepositioned). 

9Tripp  et  al.  (1999). 
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FSLs,  and  CSLs)  and  policies,  logistics  models  then  determine  the  al¬ 
location  of  resources  needed  to  meet  these  demands  (Figure  1.2). 

The  third  step  is  to  evaluate  how  each  structure  and  its  resource  re¬ 
quirements  affect  ACS  metrics.  The  ACS  metrics  in  this  general 
framework  consist  of  the  operationally  derived  metrics  of  spin-up 
time,  deployment  airlift  footprint,  costs,  risk,  and  flexibility.  If  the 
metric  evaluation  reveals  that  the  alternatives  do  not  meet  EAF 
needs,  possible  revisions  of  operational  objectives  can  be  evaluated 
or  alternative  support  practices  or  technologies  considered  for  de¬ 
velopment  and  evaluation. 

Added  to  the  ACS  metrics  for  this  analysis  is  the  EAF  goal  of  reducing 
personnel  turbulence.  The  continuous  cycle  of  deployments  in  re¬ 
cent  years  to  meet  boiling  peacetime  commitments — including  re¬ 
peated  conflicts  with  Iraq — has  increased  strain  on  personnel,  which 
is  believed  to  have  led  in  turn  to  problems  in  retaining  skilled  aircraft 
technicians.  The  Air  Force  EAF  implementation  plan  attempts  to  re¬ 
duce  personnel  turbulence  by  placing  deployments  on  a  predictable 
schedule.  In  the  plan,  however,  people  will  still  be  exposed  to  po¬ 
tential  deployments,  sometimes  to  hostile  locations,  every  15 
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Figure  1.2— A  Standard  Approach  for  Evaluating  ACS  Systems 
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months — and  while  this  schedule  should  reduce  deployment 
“ surprises”  and  better  balance  deployment  demands  among  units, 
individual  personnel  might  still  be  exposed  to  turbulence.  The  effect 
that  support  structures  might  have  on  personnel  strain  by  reducing 
deployment  demands  is  thus  another  benefit  considered. 

The  purpose  of  this  analysis  is  not  to  combine  these  metrics  into  one 
“score”;  rather,  it  is  to  show  how  alternatives  are  likely  to  affect  the 
metrics.  The  Air  Force  must  then  determine  how  much  value  it 
places  on  each  of  the  goals  and  which  alternative  presents  the  best 
set  of  tradeoffs.  In  the  report,  we  quantify  the  cost  and  deployment 
footprint  metrics  while  conducting  more  qualitative  reviews  of  the 
other  metrics. 

Where  feasible  and  appropriate,  we  relied  on  existing  models,  with 
modification  as  required,  to  determine  mission  and  support  re¬ 
quirements,  creating  entirely  new  models  only  where  necessary. 

Evaluations  Across  a  Spectrum  of  Operational  Requirements 

The  peacetime  and  wartime  locations  of  intermediate-maintenance 
assets  comprise  the  basis  of  the  alternative  F-15  support  structure 
designs  evaluated.  For  each  structure,  the  set  of  locations,  in  con¬ 
junction  with  support  policies,  creates  a  unique  requirement  for  the 
five  resources  that  complete  the  definition  of  the  structure.  These  re¬ 
sources  are: 

•  intermediate  test  stands  and  fixtures 

•  personnel 

•  spare  parts 

•  transportation 

•  infrastructure  (a  combination  of  facility  requirements  and  the 
permanent  home  stations  of  personnel  in  this  analysis). 

The  objective  of  this  analysis  is  to  determine  the  costs  and  benefits  of 
alternative  F-15  avionics  maintenance  structures  that  can  satisfy  the 
entire  spectrum  of  operational  requirements.  These  include  the  De¬ 
fense  Planning  Guidance's  (DPG's)  two-MTW  scenario,  small-scale 
AEFs,  and  boiling  peacetime  operations.  Also  considered  are  sup- 
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port  system  goals  for  rapidly  deploying,  immediately  employing,  and 
indefinitely  sustaining  forces  to  meet  two  MTWs. 

The  total  demand  placed  on  a  support  location  in  terms  of  avionics 
spare  parts  needed  per  day,  whether  that  location  is  collocated  with 
flying  units  or  not,  is  a  product  of  the  number  of  aircraft  being  sup¬ 
ported  and  their  operating  profile  (sortie  rates  and  flying  hours).  In 
the  structures  analyzed,  the  maximum  daily  surge  and  sustained 
demands  for  avionics  spare  parts  at  both  the  individual-location  and 
total  worldwide  system  levels  are  produced  by  the  two-MTW  sce¬ 
nario.  Thus,  the  total  system  and  each  location  must  have  a  set  of 
support  resources  that  will  meet  the  two-MTW  spare-parts  demand, 
and  this  set  of  resources  should  meet  the  demands  of  the  other  mis¬ 
sions  as  well. 

The  mix  of  maintenance,  supply,  and  transportation  resources  that 
each  structure  requires  affects  the  desirability  of  the  structure  for 
supporting  other  types  of  missions.  Even  though  two  structures  can 
support  the  same  demand  rate  at  an  FOL,  for  example,  one  structure 
might  do  so  with  a  substantially  lower  deployment  airlift  require¬ 
ment  and  might  thus  be  favored  for  rapid-response  missions. 

OBJECTIVE  AND  ORGANIZATION  OF  REPORT 

Many  today  are  quick  to  call  for  distribution-based  systems  that  sup¬ 
port  operations  from  existing  infrastructure  locations,  primarily 
within  CONUS.  The  key  argument  in  favor  of  this  change  pivots  on  a 
reduction  in  deployment  airlift  requirements.  Those  who  oppose 
such  a  change  typically  do  so  because  they  do  not  believe  the  existing 
Air  Force  distribution  and  DoD  processes  and  infrastructure  could 
properly  support  mission  requirements.  The  objective  of  this  report 
is  to  bring  analysis  to  this  debate.  What  benefits  would  result  from 
moving  to  a  distribution-based  system,  be  it  one  that  relies  on  exist¬ 
ing  infrastructure  or  an  alternative  based  on  consolidation  and  some 
forward  positioning?  Would  these  systems  provide  the  proper  level 
of  support?  Or,  perhaps  more  important,  would  unaffordable  in¬ 
creases  in  resources  be  necessary  to  enable  these  systems  to  provide 
the  required  level  of  support? 

The  remainder  of  the  report  is  organized  as  follows:  Chapter  Two 
details  the  alternative  structures,  logistics  policies,  and  technology 
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options  that  will  be  evaluated.  Chapter  Three  describes  the  models 
developed  to  determine  the  resource  requirements  of  each  alterna¬ 
tive  structure,  and  Chapter  Four  presents  the  results  of  the  models. 
Together,  these  chapters  define  the  policies  and  resource  require¬ 
ments  of  the  alternative  structures  in  order  to  evaluate  how  they  af¬ 
fect  the  EAF  goals  discussed  in  Chapter  Five.  Chapter  Six  considers 
improvements  that  might  be  possible  with  the  consolidated  struc¬ 
tures,  and  Chapter  Seven  concludes  with  a  summary  of  the  advan¬ 
tages  and  disadvantages  of  the  support  structures  and  recommenda¬ 
tions  for  the  Air  Force. 


Chapter  Two 

SUPPORT  STRUCTURE  OPTIONS  AND  THE 

DECISION  SPACE 


F-15  avionics  component  demands  can  be  met  through  several  sup¬ 
port  structures,  all  of  which  consist  of  combinations  of  maintenance 
and  supply  policies.  Combining  a  new  avionics  tester  development 
program  with  ongoing  Air  Force  efforts  to  improve  the  distribution 
system  creates  a  large,  complex  decision  space. 

Coupling  concepts  for  maintenance  and  spare-parts  supply  creates 
the  underlying  structures  of  alternative  support  options.  Mainte¬ 
nance  concepts  are  in  turn  derived  from  two  design  factors:  first, 
whether  ILM  is  collocated  with  supported  aircraft;  and  second,  the 
level  of  maintenance  consolidation.  In  the  Air  Force,  spare-parts 
planning  is  done  separately  for  wartime  readiness  spares  packages 
(RSPs)  and  peacetime  operating  stock  (POS).1  Resupply  start  time, 


^he  Air  Force  sets  local  inventory  levels  separately  for  peacetime  and  wartime  and 
segregates  the  two  sets  of  stock.  The  inventory  to  support  peacetime,  home-base  op¬ 
erations,  called  peacetime  operating  stock  (POS),  supports  all  of  the  squadrons  at  a 
base  through  consolidated  inventory;  inventory  levels  are  based  on  the  demands  of 
peacetime  flying  profiles.  The  inventory  to  support  wartime  operations  (used  for  all 
deployments)  is  set  aside  in  readiness  spares  packages  (RSPs)  that  are  packed  and 
ready  for  immediate  deployment.  Each  squadron  of  aircraft  has  a  dedicated  RSP 
based  on  its  projected  wartime  flying  profile.  The  on-hand  level  for  RSPs  is  required  to 
be  at  the  same  level  as  the  inventory  requirements  objective  (RO)  upon  deployment. 
This  follows  from  an  assumption  that  resupply  demands  placed  on  the  system  prior  to 
deployment  will  not  be  rerouted  to  the  deploying  location,  meaning  that  when  de¬ 
ployment  occurs,  the  resupply  pipeline  is  effectively  empty.  Since  it  is  possible  for  all 
of  the  POS’s  inventory  position  to  be  due  in  rather  than  on  hand  at  the  time  of  de¬ 
ployment,  it  is  necessary  to  assume  no  use  of  POS  inventory  in  the  RSP.  Also,  it  would 
be  extremely  difficult  to  divide  a  consolidated  inventory  package  that  supports  multi¬ 
ple  squadrons  at  home  into  separate  sets  of  stocks  upon  deployment.  Further,  the  RSP 
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which  is  determined  by  how  long  it  is  expected  for  the  wartime  sus¬ 
tainment  distribution  system  to  begin  operating,  and  the  design 
support  objective  (DSO),  which  is  defined  as  the  percentage  of  air¬ 
craft  that  must  be  operational  on  a  specified  number  of  days  after  the 
start  of  combat,  are  key  input  parameters  in  the  RSP  planning  pro¬ 
cess.  Maintenance  location  influences  both  RSP  and  POS  planning 
by  affecting  the  pipeline  length  between  the  repair  activity  and 
flightline  supply  points,  which  in  turn  affects  both  inventory  operat¬ 
ing  and  safety  stock  levels.  The  length  of  the  spare-parts  resupply 
pipeline  is  also  affected  by  the  capabilities  of  the  distribution  sys¬ 
tem — which,  in  conjunction  with  repair  time,  controls  the  operating 
level  of  parts  in  the  pipeline.  Together,  the  distribution  system’s  ca¬ 
pabilities,  measured  by  order-and-ship  time  (OST),  combine  with 
maintenance  locations  to  determine  resupply  pipelines  lengths  for 
each  structure.2  In  light  of  continuing  DoD  and  Air  Force  efforts  to 
improve  distribution  system  performance,  OST  is  examined  as  a 
variable  across  a  wide  spectrum  of  performance  levels  to  better  un¬ 
derstand  the  sensitivity  of  spare-parts  requirements  to  OST  across  a 
range  of  support  structure  options.  Understanding  the  possible 
implications  of  better  OSTs  would  be  useful  in  making  balanced 
cost-benefit  decisions  about  possible  OST  improvement  efforts. 

Currently,  the  Air  Force  is  developing  a  new  F-15  avionics  tester  to 
replace  several  testers  currently  in  use.  Because  some  uncertainty 
exists  about  the  development  of  the  new  tester — the  Electronic  Sys¬ 
tem  Test  Set  (ESTS) — we  also  examine  how  tester  choice  affects  the 
costs  of  different  support  structures.  This  may  provide  some  general 
insight  into  how  policy  decisions  can  compare  with  technology  op¬ 
tions  in  the  pursuit  of  goals. 

As  previously  outlined,  five  major  factors  affect  the  resource  re¬ 
quirements  of  the  support  structures  modeled  in  this  analysis:  repair 
location,  level  of  repair  consolidation,  test  equipment,  spare-parts 


quantities  are  higher  because  they  are  designed  to  support  higher  wartime  demand 
rates,  and  separating  inventory  by  squadron  increases  the  overall  requirement  (i.e., 
POS  takes  advantage  of  the  economies  of  scale  offered  by  combining  inventory  for  all 
squadrons  at  a  home  base). 

2Order-and-ship  time  is  the  duration  from  the  creation  of  a  requisition  by  base  supply 
to  the  completion  of  receipt  processing  by  base  supply,  assuming  that  the  item  is 
ready  for  shipment  at  the  source  of  supply  at  the  time  the  requisition  is  received  (i.e., 
no  back-ordered  requisitions). 
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planning  parameters,  and  distribution  system  capability  or  OST 
(Figure  2.1).  Of  the  200  possible  combinations  of  the  values  we  con¬ 
sidered  for  these  factors,  we  concentrate  in  this  report  on  36  that 
provide  insights  into  the  effects  of  varying  each  factor  through  the 
range  of  possibilities.  In  the  remainder  of  this  chapter,  we  describe 
these  36  structures  by  detailing  six  support  structure  options 
(consisting  of  combinations  of  wartime  repair  location,  level  of  repair 
consolidation,  and  spares  planning  parameters),  three  sets  of  OST 
assumptions,  and  finally  two  possible  sets  of  avionics  testers  that  to¬ 
gether  generate  the  36  points  in  the  decision  space  of  this  analysis. 


Wartime  repair  location 

•  Forward  (AIS  deploys) 

•  Rear  (AIS  does  not  deploy) 

Repair  consolidation 

•  Decentralized 

•  Consolidated 

-One,  three,  four,  and  five  locations 
Test  equipment 

•  Current  testers 
•ESTS 
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Spares  planning  parameters 

•  War  reserve  material  (WRM) 
-DSO 

-  Resupply  start  time 

•  Stock  locations 

-  Local 

-Consolidated 

OSTs 

•  Current 

•  Fast 

•  Faster 


Figure  2. 1 — Five  Key  Factors  Affecting  Analysis  Results 


SUPPORT  STRUCTURES 

The  basis  of  the  six  support  structures  considered  in  this  analysis  are 
a  continuum  of  consolidation  options  ranging  from  decentralized 
maintenance,  in  which  each  unit  has  its  own  ILM  capability,  to  con¬ 
solidated  maintenance,  where  maintenance  is  performed  at  only  one 
site  in  CONUS.  Pairing  consolidation  options  with  one  of  the  two 
levels  in  the  deployment  factor — i.e.,  deploying  or  not  deploying  ILM 
capability — completes  the  maintenance  concept  of  each  support 
structure.  Completing  each  structure  is  an  associated  set  of  supply 
policies. 

We  assume  that  all  of  the  structures  are  supported  by  the  existing  Air 
Force  depot  system,  which  repairs,  procures,  and  stores  spare  parts. 
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The  Air  Force's  current  avionics  support  structure  for  F-15  avionics, 
which  completely  decentralizes  maintenance  and  deploys  avionics 
intermediate-maintenance  shops  (AISs)  to  FOLs,  serves  as  the  base¬ 
line  for  our  comparison.  Under  current  policy,  ILM  equipment  is  lo¬ 
cated  at  each  home  operating  base  and  deploys  with  aircraft  to  FOLs. 
Table  2.1  displays  these  six  structures,  showing  the  maintenance 
concepts  on  the  left  and  their  corresponding  spare-parts  concepts  on 
the  right.  The  remainder  of  this  section  describes  these  structures  in 
detail. 

The  Current  Decentralized  System 

In  the  current  decentralized  system,  termed  “decentralized  deploy¬ 
ment”  and  summarized  in  the  first  row  of  Table  2.1,  each  peacetime 
F-15  operating  base  has  ILM  personnel  and  avionics  test  equipment 
that  deploy  in  test  string  sets  (one  full  set  of  each  tester  type  is  called 
a  test  string)  to  FOLs  with  the  F-15s.3  RSP  planning  in  this  system  as¬ 
sumes  that  the  AIS  will  be  operational  within  three  days  of  deploy¬ 
ment  and  that  resupply  will  begin  on  day  30  of  combat  operations. 
Therefore,  RSPs  must  have  enough  spare  line-replaceable  units 
(LRUs)  to  satisfy  demands  for  the  following  requirements: 

•  remove-repair-and-replace  (RRR)  LRUs  to  cover  the  demand 
over  the  length  of  time  it  takes  to  repair  LRUs  at  the  AIS 

•  additional  RRR  LRUs  to  cover  the  initial  three-day  period  during 
which  the  AIS  will  not  be  operational 

•  RRR  LRUs  to  accommodate  the  expected  number  of  LRUs  found 
not  to  be  repairable  during  the  first  30  days 

•  remove- and- replace  (RR)  LRUs  to  cover  demand  over  the  30 
days  it  takes  to  establish  resupply 


3The  number  of  test  strings  per  base  is  based  on  the  number  of  combat-coded  (those 
squadrons  designated  for  operational  combat  missions)  and  training  primary  autho¬ 
rized  aircraft  (PAA)  at  the  base.  In  most  but  not  all  cases,  this  results  in  one  test  string 
per  squadron. 
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Table  2.1 

Summary  of  Maintenance  and  Spare-Parts  Structures 


Structure 

F-15  Avionics 
Maintenance  Option 

Associated  Spares  Concept 

Decentralized  de¬ 
ployment 

Deploy  repair  capability 
with  flying  units 

Current  RSPs  (remove  and  re¬ 
place  [RR],  remove,  repair,  and 
replace  [RRR]),  resupply  starts 
day  30,  AIS  operational  day  3) 

Two  echelons  of  supply 
(base /depot) 

Decentralized  no 
deployment 

Provide  repair  from  home 
bases 

Retain  current  RSP  DSOs;  con¬ 
vert  AIS  items  to  RR;  provide 
time-definite  resupply  begin¬ 
ning  day  one;  and  adjust  for 
bench-check  serviceable  (BCS) 
items  (option  one) 

Consolidated 

maintenance 

—  fourFSLs  +  CSL 

—  three  FSLs  +  CSL 

—  two  FSLs  +  CSL 

—  one  CSL 

Provide  repair  from  con¬ 
solidated  locations 

—  Pacific  Air  Forces 
(PACAF),  United  States 
Air  Forces  in  Europe 
(USAFE),  SWA,  CONUS 

—  PACAF,  USAFE,  SWA, 
CONUS 

—  PACAF,  USAFE,  CONUS 

—  one  CSL  only 

Deploy  new  RSPs  for  MTW  and 

AEF  deployments 

—  Raise  DSO  and  provide 
spares  for  seven  days  with 
FSLs  and  ten  days  with  CSL 
only;  provide  consolidated 
support  package  (CSP); 
provide  time- definite  re¬ 
supply  beginning  on  day 
one  and  adjust  for  BCS 
(option  two) 

—  “2.5”  echelons  of  supply 

—  Could  also  use  RSP  option 
one 

•  sufficient  shop-replaceable  units  (SRUs)  to  repair  RRR  LRUs  for 
30  days  of  operations.4 


The  demand  for  RSP  calculations  is  based  on  the  expected  number  of 
removals  confirmed  as  unserviceable  that  should  result  from  the  ex- 


4The  Air  Force  designates  F-15  LRUs  as  either  two-level  or  three-level  items.  By  pol¬ 
icy,  two-level  items  should  be  repaired  only  at  depots,  bypassing  the  AIS,  while  three- 
level  items  are  tested  and  repaired  at  the  AIS  and  sent  back  to  the  depot  only  when 
found  not  repairable  at  the  AIS.  Two-level  items  are  designated  RR  items,  and  three- 
level  items  RRR. 
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pected  wartime  flying  profile  of  aircraft,  which  is  expressed  in  terms 
of  flying  hours  and  sortie  rates.5  War-planning  factors  specify  two 
rates:  a  surge  rate  for  the  first  seven  days  of  operations  and  an  opera¬ 
tional  sustainment  rate.  Each  squadron  has  a  dedicated  RSP. 

POS  is  calculated  for  each  base,  pooling  the  demands  of  all 
squadrons  on  the  base.  As  with  RSPs,  POS  calculations  are  based  on 
local  repair  of  RRR  LRUs,  which  requires  it  to  have: 

•  RRR  LRUs  to  cover  the  demand  over  the  length  of  time  it  takes  to 
repair  LRUs  at  the  AIS 

•  SRUs  to  repair  these  RRR  LRUs 

•  RRR  LRUs  to  accommodate  the  demand  resupply  pipeline  length 
from  the  depot  for  LRUs  found  to  be  not  repairable  on  base 

•  RR  LRUs  to  cover  the  pipeline  between  depots  and  bases. 

The  demand  for  POS  is  based  on  the  actual  demand  experienced  at 
the  home  bases  during  peacetime  training  operations. 

Eliminating  Maintenance  Deployment  from  the 
Decentralized  Structure 

The  second  ACS  alternative  (decentralized,  no  deployment),  sum¬ 
marized  in  the  second  row  of  Table  2.1,  is  generated  by  eliminating 
AIS  deployment  from  the  current  structure.  This  removes  SRUs  from 
deploying  RSPs  and  adds  the  transit  time  between  home  bases  and 
FOLs  for  both  carcasses  and  serviceable  LRUs  to  the  pipeline  time  for 
RRR  LRUs.  The  SRUs  currently  in  the  RSPs  would  constitute  a  non¬ 
deploying  RSP  kept  at  home  bases.  We  assume  that  under  this 
structure  resupply  starts  immediately  (the  resupply  start  time  is  the 
day  on  which  order  placement  and  processing  begins),  because  cov¬ 
ering  30  days  of  demand  for  RRR  LRUs  with  stock  only  would  be 
prohibitively  expensive.  It  is  also  necessary  to  adjust  the  stockage 
level  for  so-called  bench-check-serviceable  (BCS)  items,  because 
these  items  will  not  be  identified  as  such  until  they  are  sent  back  to 


5Current  RSP  inventory  requirements  do  not  include  levels  to  accommodate  removals 
that  result  in  no  deficiency  found.  It  is  assumed  that  screening  will  quickly  identify 
such  LRUs  and  that  they  will  then  be  returned  to  stock  for  reissue. 
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home  operating  bases  for  testing.6  The  amount  of  POS  would  be  the 
same  as  for  today’s  decentralized-deployment  structure,  since  there 
would  be  no  changes  in  peacetime  structure  and  practices. 

Consolidated  Maintenance  Structures 

The  opposite  of  the  current  decentralized  structure  would  involve 
consolidating  all  intermediate  maintenance  at  one  location  within 
CONUS  to  support  all  peacetime  and  wartime  missions.  Employing 
varying  numbers  of  FSLs  with  consolidated  regional  repair  capability 
in  conjunction  with  one  CSL  spans  the  spectrum  of  possibilities  be¬ 
tween  full  consolidation  and  decentralization.  For  this  analysis,  we 
consider  three  such  structures  between  the  consolidated  and  decen¬ 
tralized  extremes.  The  last  row  of  Table  2.1  summarizes  the  four  re¬ 
sulting  consolidated  structures,  which  consist  of  a  CSL  and  0,  2,  3,  or 
4  FSLs. 

The  first  of  the  three  intermediate  options  employs  three  support  lo¬ 
cations: 

•  a  CSL  to  support  peacetime  and  combat  operations  in  the 
Americas 

•  an  FSL  in  Europe  to  support  SWA,  European,  and  African  opera¬ 
tions 

•  an  FSL  in  the  Pacific  to  support  operations  in  East  Asia. 

Central  Asia  would  have  to  be  supported  from  either  the  Pacific  or 
the  European  FSLs. 

Our  analysis  collocates  the  FSLs  with  the  F-15  bases  at  Royal  Air 
Force  (RAF)  Base  Lakenheath  and  Kadena  Air  Base  (AB).  We  model 
Seymour  Johnson  Air  Force  Base  (AFB)  as  the  CSL,  although  a  depot 


6LRUs  removed  from  an  aircraft  and  sent  to  the  AIS  that  show  no  evidence  of  a  fault 
on  the  test  station  are  designated  BCS  and  are  returned  to  supply  for  reissue.  They  are 
not  included  in  the  Air  Force’s  demand  history  data,  and  thus  stock  to  cover  these  re¬ 
movals  is  not  included  in  POS  or  RSP  computations.  Without  testers  to  detect  BCS 
conditions,  all  LRUs  will  have  to  be  shipped  to  the  repair  location,  triggering  full  use  of 
a  lengthy  pipeline. 


22  An  Analysis  of  F- 15  Avionics  Options 


or  another  base  could  be  used.7  The  two  other  intermediate  options 
include  a  three-FSL-plus-CSL  configuration,  which  adds  an  FSL  in 
SWA,  and  a  four-FSL-plus-CSL  configuration,  which  further  adds  an 
FSL  at  Elmendorf.  Figure  2.2  shows  the  FSL/CSL  locations  for  each 
structure. 

In  each  consolidated  option,  repairs  would  occur  at  FSLs  and  at  the 
CSL.  Each  FSL  would  support  operations  in  its  area  ranging  from 
peacetime  commitments  to  an  MTW.  This  means  that  FSLs  would 
have  to  be  designed  to  handle  MTW  demand,  which  would  give  them 
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RAF  Lakenheath 


♦  Consolidated  support  location  (numbers  indicate  the  structures  in  which  the 
location  serves  as  an  FSL,  e.g.,  “2”  represents  two-FSL  plus  one-CSL  case) 


Figure  2.2 —  FSL  and  CSL  Locations  for  Each  Structure 


7Seymour  Johnson  AFB  was  selected  as  the  CSL  in  this  analysis  because  it  has  the 
most  F-15s  of  any  base  (two  combat-coded  squadrons  and  two  training  squadrons  of 
F-15Es  for  a  total  of  96  PAA).  Each  aircraft  collocated  with  the  CSL  reduces  the  operat¬ 
ing  stock  component  of  the  worldwide  POS,  because  it  can  be  resupplied  via  a  short, 
local  repair  pipeline  rather  than  relying  on  the  combined  repair  and  distribution 
pipeline  between  the  base  and  the  CSL.  Moving  the  CSL  to  a  depot  would  similarly  in¬ 
crease  the  POS  requirement  at  Seymour  Johnson  owing  to  the  increased  pipeline  re¬ 
quirement.  However,  this  increase  would  be  offset  to  some  extent  by  the  reduction  in 
pipeline  length  for  replenishing  SRUs  at  the  CSL,  since  they  could  be  stored  at  the 
designated  CSL  depot. 

Another  issue  would  involve  management  control.  Moving  the  CSL  to  a  depot  would 
likely  mean  that  the  CSL  would  become  part  of  the  Air  Force  Materiel  Command 
(AFMC),  whereas  keeping  it  at  a  base  would  allow  it  to  remain  under  the  command  of 
the  Air  Combat  Command  (ACC).  The  issue  is  whether  the  combat  forces  would  feel 
comfortable  giving  up  control  over  ILM  and  whether  AFMC  would  have  the  same  op¬ 
erational  and  evaluation  incentives  to  ensure  a  CSL  with  performance  as  responsive  to 
ACC’s  needs  as  one  controlled  by  ACC. 
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excess  capacity  during  peacetime.  When  operating  with  FSLs,  the 
CSL  is  designed  to  meet  the  peacetime  needs  of  all  CONUS-based 
aircraft  and  will  thus  have  excess  capacity  when  CONUS  units  are 
deployed  to  other  theaters  for  contingencies  and  MTWs.  When  op¬ 
erating  without  FSLs — the  CONUS-only  support  option — the  CSL  is 
designed  to  meet  a  two-MTW  demand. 

To  improve  the  efficiency  of  maintenance  operations,  we  modify  the 
consolidated  concept  to  require  a  shift  of  excess  labor  capacity  from 
the  CSL  during  wartime  to  bring  FSLs  up  to  full  MTW  support  re¬ 
source  requirements.  The  Air  Force  already  has  enough  testers  to 
simultaneously  meet  the  maximum  requirements  at  all  proposed 
FSLs  (maximum  requirement  during  an  MTW)  and  at  the  CSL 
(maximum  requirement  when  no  aircraft  are  deployed  from 
CONUS);  therefore,  setting  the  peacetime  tester  capacity  to  the  MTW 
requirement  at  FSLs  would  not  produce  any  new  acquisition  costs.8 
In  the  event  of  an  MTW,  a  small  number  of  CSL  personnel  could 
augment  FSL  capabilities,  thereby  minimizing  personnel  require¬ 
ments.  Because  no  equipment  needs  to  move,  the  deployment  foot¬ 
print  becomes  minimal.  Additionally,  the  FSLs  proposed  in  this  re¬ 
port  would  have  sufficient  peacetime  resources  to  handle  projected 
AEF  and  boiling  peacetime  demands  without  requiring  personnel 
augmentation. 

As  with  the  decentralized-no -deployment  option,  flight-line  mainte¬ 
nance  personnel  would  conduct  RR  maintenance  and  send  all  LRUs 
to  assigned  repair  sites.  Again,  we  assume  that  resupply  would  start 
on  day  one.  This  would  require  assured  resupply,  with  resupply  re¬ 
quests  beginning  on  day  one  of  the  deployed  operation. 

The  consolidated  supply  policy  we  assessed  exploits  consolidation 
for  both  supply  and  repair  by  employing  a  consolidated  support 
package  (CSP)  at  the  FSLs  and  CSL.  In  effect,  the  CSP  is  a  pooled 
version  of  RSPs  whose  serviceable  LRUs  can  immediately  satisfy 
requisitions  from  deployed  units  without  having  to  wait  for  repair 


8For  example,  a  two-FSL/one-CSL  structure  might  need  three  of  tester  “X”  at  each  FSL 
and  eight  at  the  CSL  to  support  peacetime  operations  along  with  eight  at  each  FSL  and 
two  at  the  CSL  to  support  two  MTWs.  As  long  as  the  Air  Force  already  has  24  "X” 
testers,  it  could  permanently  keep  eight  at  each  of  the  three  locations  without  incur¬ 
ring  additional  investment  cost. 
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completion.  The  CSP  would  also  contain  SRUs  that  the  FSLs  and  CSL 
would  use  in  LRU  repair.  The  CSP  should  provide  a  buffer  of  service¬ 
able  stocks,  giving  deployed  units  confidence  that  stock  will  be  avail¬ 
able  to  meet  their  needs,  including  RSP  replenishment.  Unservice¬ 
able  LRUs  sent  back  to  FSLs  or  the  CSL,  once  repaired,  would  refill 
the  CSPs. 

RANGE  OF  OST  ASSUMPTIONS 

We  compare  the  six  support  structures  over  three  different  peace¬ 
time  OST  assumptions  (Figure  2.3).  For  our  baseline,  OSTs  within  a 
region  of  CONUS  are  set  at  seven  days  and  OSTs  between  CONUS 
and  other-than-CONUS  (OCONUS)  locations  at  ten  days,  based 
roughly  on  current  OST  values  used  to  compute  F-15  avionics  inven¬ 
tory  levels.9  We  assume  retrograde  times  for  unserviceable  repara¬ 
bles  to  be  equal  to  OSTs  over  similar  routes,  so  total  pipeline  time  for 
the  retrograde,  repair,  and  return  of  an  LRU  becomes  the  repair  time 
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Figure  2.3 — OST  Assumptions 


9The  average  OST  for  F-15  items  in  the  March  1999  Recoverable  Item  Computation 
System  (D041)  database  was  nine  days. 
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plus  double  the  OST.10  We  apply  the  baseline  peacetime  OSTs  un¬ 
der  wartime  conditions  for  all  cases. 

Analysis  of  the  Air  Force  World  Wide  Express  (WWX)  contract  and 
discussions  with  Air  Force  logisticians  led  us  to  consider  '‘fast”  OSTs 
for  peacetime,  whose  assumptions  are  five  days  within  a  region  or 
within  CONUS  and  seven  days  between  CONUS  and  OCONUS  lo¬ 
cations. 11  Improvements  to  the  current  delivery  system  seem  likely 
to  render  fast  OSTs  feasible  in  the  near  to  midterm. 

Some  in  the  Air  Force  aim  for  still  faster  OSTs  in  the  belief  that  they 
should  be  feasible  in  the  distant  future.  Whether  feasible  or  not, 
consideration  of  even  faster  times  is  of  interest  in  that  it  lends  insight 
into  the  worldwide  logistics  system  that  may  prove  of  benefit  in  eval¬ 
uating  the  cost-effectiveness  of  further  improvements.  If  radically 
better  OSTs  are  in  fact  shown  to  produce  dramatic  and  quantifiable 
benefits,  those  working  to  improve  the  system  will  be  given  an  added 
incentive  to  succeed.  The  faster  OST  assumptions  are  three  days  for 
all  locations. 

TESTER  CONFIGURATION  OPTIONS 

The  current  life-cycle  status  of  avionics  intermediate  testers  adds  the 
choice  of  test  string  configuration  to  the  trade  space  (a  test  string  is 
one  tester  of  each  test  station  type  forming  a  complete  set).  Cur¬ 
rently  there  are  two  different  test  string  configurations,  one  for 
F-15Cs  and  one  for  F-15Es.  Both  configurations  are  scheduled  to 
change  over  the  next  three  years  as  the  Air  Force  fields  the  ESTS,  al¬ 
though  significant  uncertainty  remains  about  the  fielding  and  ca- 


^Retrograde  time  is  defined  as  the  time  it  takes  to  remove  an  unserviceable  item  from 
an  aircraft  or  an  LRU  and  ship  it  to  its  repair  destination. 

l^See  Contract  No.  F11626-98-D-0031  (DHL  Worldwide  Express),  1  October  1998  and 
Contract  No.  F11626-98-D-0032  (Federal  Express  Corporation),  1  October  1998.  For 
most  OCONUS  locations,  the  contracts  guarantee  three  days,  not  including  the  day  of 
pickup,  weekends,  or  holidays.  Adding  one  day  for  receipt  take-up  after  arrival  at  base 
supply  results  in  a  range  of  five  to  eight  days  (for  a  three -day  weekend  situation),  as¬ 
suming  shipments  take  the  full  three  days,  and  most  should  be  seven  or  less. 
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pabilities  of  that  system.12  We  include  both  the  current  tester  con¬ 
figurations  and  the  ESTS  configuration  in  our  analysis. 

The  F-15C  configuration  consists  of  Antenna  A  and  Antenna  B  to  test 
the  radar  antennas,  the  Tactical  Electronic  Warfare  Intermediate 
Support  System  (TISS)  to  test  electronic  warfare  LRUs,  the  Engine 
Analyzer  Unit  (EAU),  and  five  avionics  testers:  displays;  microwave; 
computers;  communications,  navigation,  and  instrumentation 
(CNI);  and  indicators  and  controls  (I&C).  The  Mobile  Electronic  Test 
Set  (METS)  configuration  used  to  support  F-15Es  replaced  three  of 
the  five  avionics  testers:  computers,  CNI,  and  I&C.  The  METS,  how¬ 
ever,  tests  only  a  subset  of  the  LRUs  that  were  formerly  tested  on  the 
three  testers  it  replaced.  From  a  deployment  standpoint,  it  also  of¬ 
fers  the  advantage  of  being  substantially  smaller  than  its  predeces¬ 
sors.  The  F-15E  shops  have  also  received  the  Enhanced  Aircraft 
Radar  Test  Station  (EARTS)  to  replace  the  antenna  test  stations.  The 
EARTS  is  more  automated,  which  is  intended  to  improve  trou¬ 
bleshooting  capability  and  consistency.13  Both  the  METS  and  the 
EARTS  are  compatible  with  F-15C  LRUs.  The  ESTS  will  replace  the 
five  original  avionics  testers  or  the  METS  as  appropriate  and  will  op¬ 
erate  in  conjunction  with  the  antenna  testers,  the  TISS,  and  the  EAU. 
Figure  2.4  compares  the  three  test  string  configurations;  Figure  2.5  il¬ 
lustrates  examples  of  the  testers. 

There  are  two  reasons  to  analyze  the  support  structures  using  differ¬ 
ent  tester  configurations.  First,  by  comparing  the  options  under 
each  tester  configuration,  such  an  evaluation  serves  as  a  form  of  sen¬ 
sitivity  analysis;  if  the  same  option  looks  best  regardless  of  its  config¬ 
uration,  confidence  in  it  should  increase  and  the  Air  Force  can  de¬ 
cide  on  the  support  structure  regardless  of  ESTS  implementation. 
Second,  the  analysis  can  inform  ESTS  program  decisions  and,  more 


12By  2001,  the  Air  Force  aims  to  field  to  all  shops  a  new,  downsized  tester,  the  ESTS,  to 
replace  the  entire  series  of  microwave,  displays,  computers,  CNI,  I&C,  and  METS  test 
stations.  The  ESTS  recently  failed  its  qualification  operational  test  and  evaluation 
(QOT&E),  however,  so  its  delivery  and  possibly  even  its  fielding  are  not  certain.  See 
"F-15  ESTS  Beddown  Schedule"  (1998). 

1  Automating  a  test  station  is  akin  to  error-  and  mistake-proofing  in  commercial  in¬ 
dustry.  By  automating  the  test  sequence,  the  Air  Force  reduces  the  possibility  that  the 
technician  will  make  a  mistake  in  the  test  procedure.  It  also  enforces  a  standardized 
process  that  uses  all  of  the  expert  knowledge  available. 
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important,  can  demonstrate  a  way  to  expand  the  trade  space  for  fu¬ 
ture  support  decisions  regarding  other  components  and  aircraft. 

Adding  the  ESTS  allows  us  to  expand  the  trade  space  not  only  by 
comparing  different  types  of  technology  but  also  by  comparing  solu¬ 
tions  employing  existing  policy  (i.e.,  decentralized  maintenance) 
with  new  technology  investments  against  alternative  policies  em¬ 
ploying  existing  technology.  For  example,  we  can  compare  the  ESTS 
configuration  as  it  would  be  used  under  the  current  system  with  the 
current  configurations  as  they  would  perform  under  a  consolidated 
repair  policy. 

Furthermore,  a  relaxing  of  policy  assumptions  may  make  different 
technologies  viable.  The  ESTS  program  provides  just  such  an  exam¬ 
ple.  Because  it  was  required  to  deploy,  it  had  to  be  designed  to  oper¬ 
ate  under  harsh  operating  conditions.  This  requirement  precluded 
consideration  of  less  rugged  commercial  off-the-shelf  (COTS)  solu¬ 
tions.14  Consolidated  FSL  options  would  have  allowed  COTS  and 
other  less  rugged  alternatives  to  be  considered  as  well.  If  the  analysis 
does  show  alternative  ways  of  reaching  the  same  goal,  it  should 
stimulate  this  type  of  thinking  in  future  evaluations  of  new  technol¬ 
ogy  investments. 

Our  results  and  conclusions  refer  to  two  configurations  of  testers. 
The  first  uses  the  current  inventory  (either  the  F-15C  or  the  F-15E 
configuration,  as  appropriate)  and  the  second  uses  the  ESTS  for  all 
F-15s. 


14The  Israelis  use  a  COTS  tester  for  the  F-15I  (the  Israeli  version  of  the  F-15):  the  Elec¬ 
tronic  Branch  Test  Set  (EBTS).  It  is  not  deployable  but  has  much  higher  reliability 
than  the  current  U.S.  Air  Force  F-15  AIS  testers.  While  it  is  not  compatible  with  many 
of  the  LRUs  that  the  Air  Force  will  test  with  ESTS,  by  not  strictly  requiring  a  deployable 
tester  at  the  start  of  replacement  tester  program,  the  Air  Force  may  have  further  inves¬ 
tigated  how  to  make  the  EBTS  compatible  with  F-15Cs  and  F-15Es.  This  information 
is  based  on  interviews  conducted  in  September  1998  with  Master  Sergeant  Tim 
Flohrschutz,  ACC  Systems  Office,  F-15  Branch,  and  Major  James  Young,  ESTS  Program 
Manager. 


Chapter  Three 

RESOURCE  REQUIREMENTS  DETERMINATION 

MODELS 


THE  ACS  EVALUATION  GENERAL  ANALYTIC  APPROACH 

The  analysis  and  modeling  efforts  described  herein  followed  the  em¬ 
ployment-driven  modeling  framework  described  in  Chapter  One. 
This  chapter  describes  the  methods  that  were  employed  to  complete 
the  first  two  steps,  which  together  produce  the  logistics  resource  re¬ 
quirements  to  support  operational  plans.  The  third  step — evaluating 
how  the  resulting  resource  requirements  affect  the  goals — will  be 
discussed  in  Chapter  Five. 

In  this  chapter,  we  first  describe  the  mission  requirements  determi¬ 
nation  methodology  used  in  the  framework  (Figure  3.1,  left).  We 
then  present  the  models  used  in  step  two  of  the  general  approach 
(Figure  3.1,  center),  which  we  accomplish  through  a  two-step  pro¬ 
cess.  First,  a  model  converts  the  operational  requirements  into  the 
demand  for  avionics  components — the  general  support  require¬ 
ments.  Second,  a  set  of  resource-specific  models  convert  the  general 
support  requirements  into  individual  resource  requirements  for 
maintenance  equipment,  maintenance  personnel,  transportation  re¬ 
sources,  spare  parts,  and  infrastructure  changes  given  a  support 
structure  design.  Emphasis  is  placed  here  on  models  that  either  were 
newly  developed  or  required  substantial  change  or  parameter  modi¬ 
fication. 
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Figure  3.1 — A  Standard  Approach  for  Evaluating  ACS  Systems 


MISSION  REQUIREMENTS  DETERMINATION 

To  determine  mission  requirements,  we  relied  on  existing  force  em¬ 
ployment  scenarios  from  RAND  MTW  modeling,  actual  Air  Force 
AEF  packages,  and  Air  Force  war  planning.  In  comparing  MTW  and 
small-scale  AEF  requirements,  we  found  that  the  greatest  single-FOL, 
regional,  and  Air  Force-wide  operating  intensities  all  occurred  in  the 
two  simultaneous  MTW  scenarios  (the  number  of  aircraft  flying  at 
one  base,  in  a  region,  and  across  the  Air  Force  and  their  operating 
tempo  is  the  greatest  in  the  two-MTW  scenario).  Since  the  support 
structure  must  satisfy  the  maximum  mission  requirements 
(expressed  in  terms  of  LRUs  removed  from  aircraft),  this  two-MTW 
operating  tempo  dominance  dictated  the  use  of  the  two-simultane- 
ous-MTW  scenario  to  determine  the  support  asset  requirements  of 
the  F-15  avionics  support  system.  The  other  mission  types  play  a 
larger  role  in  guiding  how  the  assets  should  be  employed. 

To  keep  the  report  unclassified  and  thus  more  accessible,  we  elected 
to  employ  a  notional  RAND-generated  two-MTW  scenario,  albeit  one 
similar  in  operating  tempo  and  deployment  timing  to  U.S.  war  plans. 


Resource  Requirements  Determination  Models  31 


Actual  Air  Force  spare-parts  war-planning  factors  were  used  to  de¬ 
termine  the  flying  profiles. 

SUPPORT  REQUIREMENTS 

Existing  models  could  not  accommodate  the  translation  of  mission 
requirements  into  support  requirements  across  the  range  of  support 
structures  considered  in  this  analysis,  particularly  for  maintenance 
equipment,  personnel,  and  transportation  requirements.  Our  efforts 
thus  focused  on  developing  a  model  that  allows  for  the  determina¬ 
tion  of  tester,  personnel,  and  transportation  requirements  for  a  given 
level  of  mission  support.  The  result — the  "maintenance  shop  re¬ 
quirements  model” — provides  the  number  of  testers  and  people 
needed  at  a  location  as  well  as  the  daily  volume  of  carcasses  and 
spare  parts  that  the  transportation  system  must  ship.  When 
combined  with  the  use  of  existing  Air  Force  spare-parts  models  and 
simple  infrastructure  requirements  models,  this  approach  permits 
the  generation  of  resource  requirements  for  a  given  support 
structure. 

The  following  sections  describe  the  maintenance  shop  requirements 
model  and  go  on  to  delineate  how  existing  Air  Force  spare-parts 
models  were  used  in  the  analysis,  how  output  from  the  maintenance 
shop  requirements  model  was  used  to  generate  transportation  re¬ 
quirements,  and  how  necessary  infrastructure  changes  were  esti¬ 
mated.  The  chapter  entitled  "Options  Analysis”  describes  how  the 
support  requirements  produced  by  these  models  translate  to  EAF 
goals  through  both  quantitative  metrics  and  qualitative  assessments. 

MAINTENANCE  SHOP  REQUIREMENTS  MODEL 

The  maintenance  shop  requirements  model  (Figure  3.2)  has  three 
components.1  The  first  determines  the  maximum  sustained  demand 
the  shop  must  handle  (i.e.,  how  many  RRR  LRUs  must  be  replaced  on 
aircraft  in  a  given  time  period).  The  second  ascertains  the  available 


l 


For  a  complete  description  of  the  analysis  method,  see  Appendix  A. 
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Figure  3.2 — Basic  Structure  of  the  Tester  Requirements  Model 


capacity  in  the  shop  (i.e.,  how  many  RRR  LRUs  it  can  produce  in  a 
given  time  period) .  The  third  yields  the  number  of  test  stations  that 
will  be  needed  to  provide  sufficient  shop  capacity  to  reach  the  target 
maintenance  wait  time  given  the  expected  level  of  demand.  The 
maintenance  wait  time  is  then  combined  with  the  actual  repair  time, 
the  on-base  distribution  and  carcass  evacuation  time,  and,  if  appro¬ 
priate,  the  FSL/CSL-to-FOL  or  home-base  distribution  and  carcass 
evacuation  time  to  produce  the  total  resupply  pipeline  length  for 
RRR  LRUs  successfully  repaired  by  ILM  activities. 

In  this  model,  demand  for  each  test  station  type  equals  the  number 
of  test  station  hours  required  per  day  to  repair  all  LRUs  tested  on  a 
given  type  of  test  station.  Daily  demand  is  derived  from  the  daily 
arrival  rate  at  the  test  station  and  from  the  test  station’s  usage  dura¬ 
tion  per  arrival  for  each  LRU  tested.  Arrivals  are  determined  from  a 
combination  of  the  number  of  aircraft  to  be  supported,  the  operating 
tempo,  and  LRU  removal  rates  per  flying  hour  and  sortie. 
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Capacity  is  a  function  of  the  number  of  test  station  hours  available 
per  day,  which  is  determined  by  the  number  of  test  stations  of  a 
given  type,  tester  uptime,  and  shop  work  hours  per  day.  The  follow¬ 
ing  sections  describe  the  data  that  the  model  requires  and  how  those 
data  are  used  to  estimate  demand  and  capacity. 

Demand  on  a  Test  Station  Type 

Figure  3.3  displays  the  data  required  and  methods  used  to  estimate 
test  station  demand.  The  flow  inside  the  large  box  (top)  shows  the 
determination  of  demand  for  one  type  of  LRU.  The  calculation  starts 
with  the  daily  demand  rate  from  the  Air  Force’s  supply  history — 
which,  depending  on  the  operating  tempo,  uses  either  the  peacetime 
demand  rate  estimated  in  the  Air  Force  supply  history  database 
(D041)  or  the  decelerated  wartime  demand  rate  using  wartime 
planning  factors.2 

The  model  uses  supply  system  data  to  split  the  demand  stream  into 
AIS  repairable  and  not-repairable-this-station  (NRTS)  components. 
However,  there  is  additional  demand  not  captured  in  the  supply 
data — BCS  removals.  A  removal  is  termed  BCS  when  a  problem  can¬ 
not  be  found  in  an  LRU  and  the  part  is  returned  to  supply  with  no 
action  taken  (these  are  not  recorded  as  removals  in  D041).  Through 
manual  data  collection  efforts  by  personnel  at  several  bases,  we  were 
able  to  determine  the  BCS  demand  rate  relative  to  repair  rates.  Using 
this  relative  rate  with  the  D041  repair  rates  then  produced  a  BCS  rate. 
Additional  demand  on  test  stations  also  results  from  repairs  that  had 
to  await  parts  (AWP),  because  the  LRU  must  be  put  back  on  the  tester 
when  such  parts  arrive.  This  rate  was  estimated  in  a  manner  similar 
to  the  BCS  rate. 

The  three  rates — BCS,  NRTS,  and  AIS  repair  (adjusted  upward  for 
AWP) — are  then  multiplied  by  the  estimated  average  duration  on  the 
test  station  for  each  demand  type.  For  BCS  demands,  the  average 


2Previous  research  indicates  that  LRU  failure  rates  do  not  have  a  linear  relationship  to 
flying  hours.  In  order  to  convert  peacetime  failure  rates  into  projected  wartime  de¬ 
mands,  the  Air  Force  determined  deceleration  factors  to  convert  longer  wartime  sor¬ 
ties  into  their  equivalent  peacetime  durations  in  terms  of  LRU  failure  rates.  The  de¬ 
celeration  factors  are  specific  to  flying-hour  scenarios.  See  Slay  and  Sherbrooke 
(1997). 
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Figure  3.3 — Test  Station  Demand  Calculations 


test  station  duration  is  estimated  simply  as  BCS  run  time;3  for  the 
other  two  streams,  it  is  estimated  as  twice  BCS  run  time.4  This  yields 
the  daily  demand  on  the  test  station  per  flying  hour  for  the  LRU. 
Multiplying  by  the  flying  hours,  decelerated  to  account  for  higher 
sortie  rates  for  wartime  scenarios,  produces  the  average  daily 
demand  placed  on  the  test  station  by  the  LRU  in  the  operating 
scenario.  This  procedure  is  repeated  for  all  F-15C  and  F-15E  LRUs 
tested  at  each  station.  Summing  the  daily  demand  for  all  LRUs  tested 
at  the  station  then  produces  the  total  daily  demand  on  that  station. 


3BCS  run  time  was  estimated  through  Air  Force  run-time  standards  and  times  pro¬ 
vided  by  Seymour  Johnson,  Lakenheath,  and  Spangdahlem. 

4For  repairs,  this  time  includes  running  through  the  test  until  the  tester  indicates  a 
problem,  making  the  repair,  and  then  running  through  the  complete  test  to  verify  that 
the  LRU  is  serviceable.  For  NRTS  events,  a  significant  amount  of  time  is  often  spent 
trying  to  make  the  repair  before  declaring  the  LRU  NRTS.  Personnel  at  several  shops 
considered  the  estimates  of  twice  the  BCS  time  to  be  a  reasonable  assumption.  Actual 
test  station  time  for  repairs  was  not  available. 
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Test  Station  Capacity 

Test  station  daily  capacity  can  be  defined  as  the  number  of  test  sta¬ 
tion  hours  available  per  day  for  a  given  test  station  type.  In  the 
model,  the  uptime  rates  for  a  given  test  station  type  are  constant  re¬ 
gardless  of  the  number  of  collocated  testers.  AIS  testers  can  be  ca¬ 
pable  of  testing  some  LRUs  while  being  inoperative  for  others,  in 
which  case  they  are  termed  “partially  mission  capable.”  To  deter¬ 
mine  effective  capacity,  we  compute  an  LRU  weighted-average  up¬ 
time  for  each  tester  type  based  on  the  daily  demand  and  partial  mis¬ 
sion  capability  (PMC)  rates  for  each  LRU  tested. 

Detailed  tracking  performed  prior  to  this  analysis  at  two  bases — 
Seymour  Johnson  and  Lakenheath — revealed  actual  tester  uptime  by 
LRU  for  each  test  station.  The  weighted  average  PMC  rate  of  the 
LRUs  for  the  testers  at  these  two  bases  serves  as  the  average  uptime 
in  the  model.  Depending  on  the  tester  type,  these  bases  have  one, 
two,  or  three  testers.  Therefore,  the  uptime  represents  the  expected 
uptime  by  tester  for  one,  two,  or  three  collocated  strings 
(corresponding  to  the  number  of  each  tester  type  at  these  two  bases) 
with  the  peacetime  level  of  cannibalization  practiced  by  these  two 
shops.5  Generally,  the  more  testers  a  shop  has,  the  more  opportunity 
there  would  be  to  cannibalize  one  tester  to  keep  the  other  testers 
operational.  Since  only  one  data  point  (a  data  point  is  a  combination 
of  tester  uptime  and  the  number  of  collocated  testers)  was  available, 
however,  for  most  testers  we  could  not  confidently  estimate  the 
uptime  effect  of  cannibalization  produced  by  varying  the  number  of 
collocated  testers.  We  therefore  elected  to  use  these  calculated 
uptime  rates  regardless  of  the  number  of  testers  modeled  in  a  shop. 

Higher  numbers  of  collocated  testers  would  probably  offer  greater 
cannibalization  benefit,  so  the  model  may  slightly  overestimate  the 
number  of  necessary  testers  for  support  plans  that  consolidate 
maintenance  resources.  Similarly,  if  a  squadron  had  to  deploy  inde¬ 
pendently  with  one  string,  the  uptime  would  probably  be  lower  than 
that  used  in  the  model  because  some  level  of  cannibalization  is 
probably  occurring  when  all  of  the  squadrons  are  home  at  Seymour 
Johnson  or  Lakenheath. 


5Cannibalization  is  the  act  of  using  a  part  from  a  tester  that  is  already  down  to  keep 
another  operational. 
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Tester  Quantity  Calculation 

The  model  minimizes  the  number  of  test  stations  subject  to  a  maxi¬ 
mum  expected  maintenance  shop  average  wait-time  constraint.  In 
practice,  this  works  by  converting  the  maximum  desired  average  wait 
time  to  a  capacity  utilization  maximum  that  increases  with  the  num¬ 
ber  of  testers.  As  described  in  greater  detail  later,  the  more  collo¬ 
cated  testers,  the  greater  the  acceptable  capacity  utilization;  the 
model  simply  adds  testers  until  capacity  utilization  is  less  than  or 
equal  to  the  target,  which  also  means  that  the  expected  average 
queue  time  is  less  than  or  equal  to  the  target. 

Current  RSP  calculations  assume  an  average  on-base  LRU  repair 
time  of  approximately  four  days.  To  be  consistent  with  these  as¬ 
sumptions,  the  capacity  utilization  in  the  maintenance  shop  re¬ 
quirements  model  is  designed  to  produce  an  average  maintenance 
queue  time  of  72  hours.  This  allows  one  shift  for  an  average  “repair 
action”  (the  average  demand-weighted  BCS  time  is  3.7  hours)  and 
one  shift  for  the  combination  of  moving  the  LRU  from  the  flightline 
to  the  AIS  and  moving  the  repaired  LRU  to  base  supply. 

PERSONNEL  REQUIREMENTS  MODELING 

The  method  used  to  determine  the  personnel  requirements  of  each 
structure  builds  on  the  maintenance  shop  requirements  model,  con¬ 
verting  shop  LRU  demand  into  the  number  of  test  stations  of  each 
type  needed  to  yield  the  required  shop  capacity.  According  to  cur¬ 
rent  Air  Force  practice,  each  tester  used  requires  a  team  of  two  tech¬ 
nicians.  Using  this  as  a  standard  and  assuming  that  the  shop  must 
have  sufficient  personnel  to  operate  all  testers  of  a  given  type  simul¬ 
taneously  when  all  are  operational,  we  set  direct-labor  manning  at 
two  people  per  test  station  per  shift. 

TRANSPORTATION  MODELING  APPROACH 

Consolidated  structures  require  transportation  of  carcasses  and  re¬ 
paired  LRUs  between  operating  locations  and  repair  activities.  Cur¬ 
rently,  replacements  of  NRTS  RRR  LRUs  and  RR  LRUs  create  ship¬ 
ping  requirements.  In  the  consolidated  options,  these  requirements 
will  not  change,  because  we  assume  the  same  NRTS  rate  and  set  of 
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RR  LRUs.  However,  any  LRU  that  is  now  sent  from  the  flightline  to 
ILM  for  repair  would  instead  be  transported  to  an  FSL  or  to  a  CSL. 
This  includes  not  only  LRUs  requiring  repair  but  also  those  later 
found  to  be  serviceable  upon  testing  (BCS).  To  simplify  modeling, 
we  estimate  the  transportation  cost  of  the  incremental  shipping  re¬ 
quirements  introduced  by  consolidated  systems  rather  than  the  total 
cost  of  each  of  the  systems.  This  is  the  marginal  transportation  cost 
of  going  from  a  decentralized  to  a  consolidated  structure. 

As  an  intermediate  step,  the  maintenance  shop  requirements  model 
estimates  the  average  daily  demand  for  each  location  for  each  LRU. 
We  use  the  expected  daily  on-base  repair  volume  (including  those 
determined  to  be  serviceable)  for  each  LRU  for  each  location  to  de¬ 
velop  the  incremental  transportation  requirements  for  each  struc¬ 
ture.  This  is  based  on  the  daily  volume  of  LRUs  currently  being  re¬ 
paired  on  base  that  would  have  to  be  evacuated,  repaired  at  a  central 
site,  and  returned  to  base.  Commercial  express-service  rates  are 
used  to  estimate  recurring  peacetime  transportation  costs,  based  on 
the  demand-weighted  average  LRU  weight  and  the  cube  of  these 
LRUs. 

SPARE-PARTS  MODELING  APPROACH 

We  used  existing  Air  Force  methods  to  compute  required  spare-parts 
levels,  which  are  based  on  a  model  called  Dyna-Metric,  to  determine 
the  spare-parts  requirements  for  each  structure.6  By  adjusting  pa¬ 
rameters  in  standard  Air  Force  models,  these  methods  may  in  some 
cases  allow  for  the  modeling  of  policy  and  structure  changes.  In 
other  cases,  it  is  necessary  to  create  new  models,  but  where  we  do  so, 
we  employ  the  same  assumptions  and  computation  methods  used  in 
existing  Air  Force  models.  Discussed  below  are  the  models  used  for 
wartime  and  peacetime  spare-parts  requirements  determination. 
Also  examined  are  the  differences  in  the  structures  that  required 
changes  either  in  model  parameters  or  in  the  models  themselves. 


6See  Pyles  (1986). 
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Wartime  Readiness  Spare  Package  Computations 

The  Air  Force’s  Aircraft  Sustainability  Model  (ASM),  currently  used  to 
calculate  RSPs,  was  used  to  determine  the  RSP  requirements  for  each 
option.7  We  found  it  sufficiently  flexible  to  calculate  the  RSP  re¬ 
quirements  for  each  option  considered  through  changes  in  model 
parameters  such  as  OST.  Table  3.1  compares  the  RSP  policies  for  the 
various  structures  used  to  set  these  parameters,  with  each  row  es¬ 
sentially  corresponding  to  a  parameter  within  the  ASM.  The  left  col¬ 
umn  describes  the  current  policy  used  with  the  decentralized  de¬ 
ployment  option,  and  the  middle  column  highlights  the  changes  to 
existing  RSP  policy  that  must  be  made  to  render  the  RSPs  appropri¬ 
ate  for  the  decentralized-no- deployment  option.  The  right  column 
describes  the  RSP  policy  designed  for  compatibility  with  consoli¬ 
dated  maintenance  options.  The  next  three  sections  describe 
changes  that  have  been  made  in  the  RSP  planning  assumptions  for 
each  maintenance  structure  that  required  parameter  changes  in  the 
ASM  when  calculating  RSP  requirements. 

RSP  Policy  for  the  Decentralized  (Current)  Structure 

Under  current  policy,  each  squadron  is  designed  to  be  self-sufficient 
for  the  first  30  days  of  a  deployment,  after  which  spare-parts  resup¬ 
ply  to  the  FOL  commences.  Thus,  the  RSP  includes  sufficient  LRUs 
to  cover  the  30-day  demand  for  RR  LRUs,  RRR  LRUs  that  cannot  be 
successfully  repaired  at  the  FOL,  and  SRUs  to  repair  RRR  LRUs. 
These  calculations  assume  that  the  AIS  will  deploy  and  be  opera¬ 
tional  by  day  three  of  flying  operations  at  the  FOL.  Each  squadron’s 
RSP  is  based  on  the  squadron’s  PAA,  which  is  either  18  or  24  for  all  F- 
15  squadrons.  The  PAA  combines  with  the  peacetime  removal  rate, 
war  mobilization  plan  (WMP)  sortie  rates,  flying  hours,  and  DSOs  to 
project  the  wartime  LRU  removal  demand  rate,  with  DSOs  expressed 
in  fully  mission-capable  (FMC)  aircraft  availability  on  given  days. 
The  current  WMP  plans  call  for  a  DSO  FMC  floor  of  63  percent  on 


7The  ASM  computes  spare-parts  requirements  necessary  to  achieve  specific  aircraft 
availability  objectives  over  a  specified  time  horizon.  It  uses  marginal  analysis  tech¬ 
niques  to  minimize  the  spares  cost  to  achieve  the  target  availabilities.  For  more  in¬ 
formation,  see  Slay  et  al.  (1996). 
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Table  3.1 

RSP  Policy  Descriptions 


Policy 

Factor 

Decentralized 

(Current) 

Decentralized  No 
Deployment 

Consolidated 

Deployment 

For  RRR  items,  AIS 
deployed  on  day  0, 
operational  day  3 

No  AIS  deployment, 
convert  RRR  items 
to  RR 

No  AIS  deployment, 
convert  RRR  items  to 

RR 

Supply 

No  resupply  for  30 
days 

Resupply  begins  at 
day  1;  10  days  from 
CONUS  to  OCONUS 
and  7  days  from  FSL 
to  FOL 

Resupply  begins  at  day 
1;  7- day  resupply  from 
FSLs;  10  days  from 
CONUS 

Stock 

No  centralized 

No  centralized 

CSP  computed  to  sup- 

consolidation 

“risk”  stocks 

“risk”  stocks 

port  operations  of  all 
RSPs 

Unit  size 

18  or  24  PAA  RSP 

18  or  24  PAA  RSP 

12  PAA  RSP  modules, 
with  dependent  6/12 

Flying  profile 

War  mobilization 
plan  (WMP)  sortie 
rates/durations 

WMP  sortie  rates/ 
durations 

WMP  sortie  rates/ 
durations 

DSO 

DSOs  derived  from 
WMP  (63%  FMC 
floor  at  day  30) 

DSOs  derived  from 
WMP  (63%  FMC 
floor  at  day  30) 

Min  DSO  of  75%  at 
day  7 

day  30.  This  means  that  RSPs  are  designed  to  have  sufficient  spare 
parts  to  keep  squadrons’  FMC  rates  at  or  above  63  percent  on  day  30 
of  flying  operations,  with  equal  or  higher  objectives  on  all  other  days 
of  operation. 

Since  no  resupply  will  occur  for  the  first  30  days,  the  inventory  posi¬ 
tion  over  that  time  consists  only  of  what  is  on  hand  or  in  local  repair 
(as  opposed  to  the  more  typical  case,  where  the  inventory  position 
includes  inventory  en  route  to  the  location  and  carcasses  in  the  re¬ 
verse  pipeline).  Also,  since  the  POS  inventory  position  at  the  time  of 
deployment  could  potentially  consist,  in  the  extreme  case,  entirely  of 
inventory  due  in  from  a  depot,  the  Air  Force  has  decided  not  to  in¬ 
clude  any  portion  of  the  POS  inventory  level  as  a  portion  of  RSP  lev¬ 
els.  Therefore,  the  on-hand  inventory  in  the  RSP  must  be  equal  to 
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the  full  inventory  requirement  calculated  in  the  RSP  determination 
process. 

RSP  Policy  for  the  Decentralized-No-Deployment  Structure 

The  dissociation  of  ILM  from  the  FOL  during  wartime  requires  that 
several  changes  be  made  in  RSP  policy  to  render  it  consistent  with 
maintenance  policy.  Inasmuch  as  there  will  not  be  any  local  repair, 
the  RSP  computations  must  treat  all  LRUs  as  RR,  which  in  effect  in¬ 
creases  the  depth  requirement  for  all  currently  designated  RRR  LRUs 
(the  operating  stock  requirement  increases  from  a  four-day  local  re¬ 
pair  time  to  the  time  it  takes  an  LRU  to  make  the  round  trip  from 
flightline  removal  to  receipt  at  base  supply).  Removing  ILM  from  the 
FOL  also  eliminates  the  need  to  have  any  SRUs  in  the  RSP  for  repair 
at  the  FOL.  Previous  RSP  modeling  efforts  found  that  making  these 
changes  and  continuing  to  assume  commencement  of  resupply  on 
day  30  leads  to  excessive  and  unaffordable  increases  in  spare-parts 
levels.  Thus,  changes  in  resupply  policy  would  be  necessary  for  this 
structure  to  be  worth  considering.  In  this  analysis,  we  assume  that 
supply  begins  at  day  one  and  takes  ten  days  (under  wartime  as¬ 
sumptions)  from  CONUS  to  an  FOL  and  seven  days  from  an 
OCONUS  location  to  an  FOL  in  the  same  region  (the  baseline 
peacetime  OST  assumptions).  While  still  requiring  increased  depth 
of  the  RRR  LRUs,  the  increase  becomes  much  less  than  if  resupply 
were  to  begin  at  day  30. 

RSP  Policy  for  Consolidated  Structures 

Current  supply  procedures  and  policies,  while  potentially  optimal  for 
the  system  for  which  they  were  designed,  may  not  be  the  most  ap¬ 
propriate  for  use  with  alternative  maintenance  structures.  Since 
transitioning  to  a  consolidated  system  would  require  changes  to 
RSPs  based  merely  on  system  design  differences,  we  elected  to  ex¬ 
ploit  the  required  transition  by  also  considering  simultaneous 
changes  aimed  at  making  RSPs  better  oriented  to  AEF-type  opera¬ 
tions  while  retaining  MTW  capabilities.  This  analysis— which  exam¬ 
ined  both  the  desirable  RSP  characteristics  of  the  new  AEF  opera¬ 
tional  requirements  and  the  system  design  characteristics  of  consoli¬ 
dated  maintenance — resulted  in  the  development  of  a  new  set  of  RSP 
policies. 
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As  with  the  decentralized-no-deployment  option,  the  major  differ¬ 
ence  in  spare-parts  policy  in  this  option  is  generated  by  the  change 
in  base-level  (FOL)  maintenance  from  RRR  to  RR.  This  changes  the 
RSP  from  a  mix  of  LRUs  and  SRUs  to  LRUs  only.  If  the  planned  re¬ 
supply  time  is  met,  the  resupply  time  assumption  does  not  affect  op¬ 
erating  performance  but  it  does  affect  cost  by  increasing  the  pipeline 
length  and  hence  the  amount  of  inventory  needed  to  cover  demand 
over  this  time  period.  The  longer  the  planned  resupply  time,  the 
greater  the  number  of  parts  needed  in  the  pipeline. 

The  consolidation  of  support  facilities  set  up  for  maintenance  pro¬ 
vides  a  new  opportunity  to  make  wartime  spares  stockage  more  effi¬ 
cient.  The  FSLs  could  also  serve  as  consolidated  stockage  points  for 
RRR  LRUs  by  employing  the  CSPs  described  earlier,  which  would  be 
buffer  stocks  located  at  regional  repair  facilities.  They  would  be  re¬ 
plenished  by  the  local  consolidated  repair  activity,  providing  for  a 
relatively  small  pipeline  requirement  for  CSP  inventory  at  the  FSLs. 
After  preliminary  modeling  indicated  that  CSPs  reduce  the  overall 
wartime  spares  requirements  (the  combination  of  CSPs  and  RSPs), 
we  elected  to  model  the  consolidated  options  with  CSPs.  Without 
consolidated  repair  activities  to  replenish  CSPs,  they  would  have  a 
lengthy  pipeline  from  CONUS  depots  to  primarily  OCONUS  regional 
supply  FSLs,  which  would  greatly  increase  the  CSP  requirement. 

To  better  support  small-scale  AEFs,  which  often  call  for  squadrons  to 
provide  only  6  or  12  aircraft  packages,  the  new  packages  are  designed 
in  modular  fashion.  Base  kits  are  designed  to  support  12  aircraft  and 
supplemental  kits  are  designed  to  support  the  residual  6  or  12  air¬ 
craft  remaining  in  the  squadron.  These  supplemental,  or  dependent, 
kits  combine  with  the  independent  modular  kit  to  provide  sufficient 
support  to  cover  a  squadron  for  MTW  operations.  This  makes  it  easy 
to  split  the  RSP  if  only  6  or  12  aircraft  deploy  as  part  of  an  AEF  pack¬ 
age.  The  aircraft  would  have  sufficient  spares  support  while  preserv¬ 
ing  flexibility  to  deploy  the  remainder  of  the  squadron — also  with 
sufficient  spares  support — at  a  later  date  to  either  the  same  or  a  dif¬ 
ferent  operating  location. 

With  the  small  aircraft  packages  in  AEFs,  there  is  some  question 
about  whether  the  WMP  DSOs  are  appropriate,  because  they  would 
allow  for  a  substantial  percentage  of  an  already- small  force  to  be  not 
mission  capable  (NMC).  To  enhance  the  effectiveness  of  these  small 
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force  packages,  we  thus  consider  a  higher  DSO  floor  for  RSP  plan¬ 
ning. 

Peacetime  Operating  Stock 

For  POS  computations,  we  essentially  used  the  same  parameters  for 
all  maintenance  structures;  the  only  changes  (see  Table  3.2)  were 
those  reflecting  the  maintenance  structures  themselves  (i.e.,  the  lo¬ 
cation  of  ILM  versus  operating  locations).  By  design,  consolidated 
structures  add  a  pipeline  segment  from  bases  to  repair  activities  and 
create  the  potential  for  three  echelons  of  supply  (at  bases,  FSLs/CSL, 
and  depots).  Because  the  ASM  can  handle  only  two  echelons  of 
supply,  we  developed  a  model  that  uses  the  same  underlying  calcu¬ 
lation  methods  as  the  ASM  for  computing  pipeline  stockage  and 
safety  stock  quantities,  but  for  three-echelon  systems.  The  model 
employs  the  Air  Force’s  standard  base  supply  system  (SBSS)  formula 
to  compute  stockage  levels.8 

DETERMINING  INFRASTRUCTURE  REQUIREMENT 
CHANGES 

Infrastructure  requirement  changes  consist  of  two  components:  fa¬ 
cilities  and  permanent  assignment  locations  of  avionics  ILM  person¬ 
nel.  To  determine  new  facility  or  facility  expansion  requirements,  we 
assumed  that  planned  FSL/CSL  locations  would  need  to  add  space 
only  to  accommodate  increases  in  the  number  of  test  stations.  After 
these  increases  were  determined  for  each  test  station  type,  they  were 
multiplied  by  the  number  of  square  feet  per  test  station  (per  given 
type)  specified  in  the  Air  Force  specification  for  an  AIS.  Standard 
construction  costs  were  then  used  to  convert  this  square  footage  re¬ 
quirement  into  an  investment  cost.  Administrative  space  was  held 
constant. 


8The  underlying  SBSS  calculation  is  described  in  the  USAF  Supply  Manual.  The 
pipeline  stockage  quantity  is  based  on  the  demand  rate,  OSTs,  retrograde  times,  and 
repair  times  for  a  part  and  is  essentially  the  amount  of  stock  required  to  cover  ex¬ 
pected  demands  over  the  time  it  takes  to  receive  a  replacement  for  a  part  removed 
from  an  aircraft.  The  safety  stock  formula  is  (3  x  p)1/2,  where  p  is  the  pipeline 
quantity.  Safety  stock  accounts  for  the  variability  in  demand  and  replenishment  time. 
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Table  3.2 

POS  Policies  for  Decentralized  and  Consolidated  Structures 


Decentralized  (Current) 

Consolidated  Options 

Type  of  parts 

SRUs  for  RRR  LRU  repair 
RR  and  RRR  LRUs 

No  SRUs 

RR  and  RRR  LRUs 

Baseline  OST 

7  days  CONUS 

10  days  OCONUS 

7  days  from  FOLs  to 
CSL/FSL 

7  days  from  CSL/CONUS 
FSL  to  depot 

10  days  from  OCONUS 

FSL  to  depot 

Model  used  for  safety- 
level  formula 

ASM 

SBSS 

Stock  locations 

Bases,  depots 

Bases,  FSLs/CSLs,  depots 

Removal  rate  data 

D041 

D041 

Repair  times 

D041  base  repair  time 

D041  base  repair  time 

In  the  event  that  the  Air  Force  elected  to  provide  entirely  new  build¬ 
ings  designed  for  increased  AIS  size,  the  facility  cost  would  approxi¬ 
mately  triple.  Conversely,  if  existing  buildings  could  be  used  to  ac¬ 
commodate  the  AIS  size  increase,  facility  costs  would  decrease. 

In  each  of  the  consolidated  structures,  some  personnel  would  have 
to  move  from  bases  losing  their  AIS  to  FSL/CSLs.  This  number  was 
determined  by  comparing  the  personnel  requirements  at  each 
FSL/CSL  to  current  personnel  levels.  Multiplying  this  by  the  stan¬ 
dard  Air  Force  rate  for  the  cost  of  moving  people  in  a  unit  move  pro¬ 
duces  the  total  permanent  change-of-station  cost. 
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OPERATIONAL  EMPLOYMENT  REQUIREMENTS 

The  first  step  in  the  employment- driven  analysis  approach  is  to  as¬ 
sess  the  mission  requirements  analysis  to  determine  the  peacetime 
and  wartime  beddowns  and  flying  requirements  for  F-15s  worldwide. 
The  left  side  of  Table  4.1  lists  the  notional  2004  peacetime  F-15  bed- 
down  used  in  the  analysis,  which  shows  primary  aircraft  authoriza¬ 
tions  (PAAs)  for  the  active  component,  including  combat-coded,  test, 
and  training  aircraft.  The  right  side  of  the  table  shows  the  notional 
deployment  requirements  to  simultaneously  support  two  MTWs 
used  in  this  study.  The  shading  indicates  that  there  are  too  few 
F-15Cs  to  accommodate  two  MTWs  simultaneously.  It  is  assumed 
that  there  is  enough  time  between  the  start  dates  of  the  two  MTWs  to 
allow  F-15Cs  to  swing  between  theaters  after  establishing  air  supe¬ 
riority  in  the  first  MTW  location.  The  peacetime  flying  hours  used  in 
this  study  are  based  on  current  peacetime  flying-hour  rates,  and  the 
wartime  operating  profiles  are  based  on  current  Air  Force  wartime 
sustainment  planning.1 

+ 

Combined  with  the  deceleration  factors  discussed  in  Chapter  Three,  the  wartime 
profiles  effectively  increase  the  daily  avionics  LRU  demand  on  the  system  by  about 
two  and  one-half  times  per  aircraft.  The  exact  flying  hour  and  sortie  rate  profiles  are 
not  shown  owing  to  their  sensitive  nature. 
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Table  4.1 

Notional  F-15  Beddown  and  MTW  Requirements 


Peacetime 

MTW 

F-15E 

Combat 

Noncombat 

Total 

A 

B 

Location  1 

48 

36 

84 

24 

24 

Location  2 

3 

3 

Location  3 

18 

18 

18 

Location  4 

10 

10 

Location  5 

2 

2 

Location  6 

18 

18 

18 

Location  7 

48 

48 

24 

24 

Total 

132 

51 

183 

66 

66 

F-15C 

Combat 

Noncombat 

Total 

A 

B 

Location  1 

18 

18 

18 

Location  2 

48 

10 

58 

24a 

48a 

Location  3 

66 

66 

18a 

66a 

Location  4 

16 

16 

Location  5 

76 

76 

Location  6 

3 

3 

Location  7 

42 

42 

36 

6 

Location  8 

24 

24 

24 

Location  9 

48 

48 

48 

Total 

246 

105 

351 

144 

144 

Total 

378 

156 

534 

210 

210 

includes  swing  forces  that  must  shift  from  one  theater  to  another. 


MAINTENANCE  REQUIREMENTS 

Entering  the  peacetime  and  wartime  demands  into  the  maintenance 
requirements  model  generates  the  number  of  testers  required  at 
each  location  during  peacetime  and  wartime.  Summing  across  all 
locations  for  each  structure  for  the  two-MTW  scenario  then  provides 
the  maximum  number  of  testers  required  at  any  given  time  for  each 
structure.  The  top  graph  in  Figure  4.1  shows  the  results  using  the 
current  tester  configurations.  Full  decentralization,  for  example,  re¬ 
quires  157  test  stations.  The  bottom  graph  shows  what  the  ESTS  re¬ 
quirements  would  be  if  the  ESTS  achieved  its  planned  95  percent 
availability.2  In  this  case,  full  decentralization  would  require  127  test 


2 


See  Armstrong  (undated). 
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Figure  4.1 — Tester  Requirements  for  Each  Structure 


stations,  including  42  ESTS  units,  that  must  be  combined  with  the 
requirements  for  the  antenna  system  (either  EARTS  or  Antenna  A 
and  Antenna  B),  TISS,  and  EAU.  The  results  are  based  on  the  as¬ 
sumption  that  capacity  will  not  be  provided  during  combat  opera¬ 
tions  to  test  LRUs  designated  as  two-level  items,  although  units 
could  use  excess  peacetime  capacity  to  test  these  two-level  LRUs  (as 
is  the  practice  now). 

The  inventory  line  (Inv.,  first  row)  in  the  top  graph  of  Figure  4.1  indi¬ 
cates  the  number  of  testers  in  the  Air  Force  inventory  currently  sup¬ 
porting  active  forces  at  air  force  bases  (excluding  depots,  Air  Force 
Reserve,  and  Air  Force  National  Guard  testers).  For  the  ESTS  graph, 
the  top  row  reflects  the  planned  inventory. 

REDUCTION  OF  TESTER  REQUIREMENTS 

The  graphs  in  Figure  4.1  show  the  effect  of  consolidation  on  tester 
requirements.  The  current  decentralized  structure,  for  example,  re- 
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quires  31 TISS  testers,  but  this  requirement  drops  by  about  one-third 
for  all  levels  of  consolidation.  Because  capacity  comes  in  steps 
equivalent  to  one  tester,  excess  capacity  at  each  location  declines  as 
consolidation  increases.  In  addition,  the  greater  the  number  of  col¬ 
located  testers,  the  greater  the  maximum  capacity  utilization  that 
will  lead  to  a  given  maintenance  wait  time,  because  consolidated 
testers  accommodate  capacity  (tester  uptime)  and  demand  (failure 
rates  and  repair  time)  variability  more  effectively. 

The  estimates  for  the  consolidated  ILM  cases  are  likely  to  be  conser¬ 
vative  because  we  took  into  account  only  stepwise  capacity  and 
variability  accommodation3 — the  two  consolidation  factors  that 
improve  “effective  capacity”  in  a  manner  that  could  be  quantitatively 
estimated.  Potential  improvements  such  as  consolidating  tester 
spare  parts  and  increased  opportunity  for  tester  cannibalization 
would  likely  improve  overall  tester  uptime,  which  might  further  re¬ 
duce  tester  requirements  in  the  consolidated  cases.  In  this  analysis, 
we  held  average  tester  uptime  for  each  LRU  constant  for  all  mainte¬ 
nance  options. 

Consolidation  Effect  of  Discrete  Capacity  Levels 

Consolidation  effects  result  from  “chunky”  capacity  and  variability 
accommodation.  Figure  4.2  illustrates  the  consolidation  effect 
resulting  from  the  stepwise  nature  of  capacity  in  this  type  of  process. 
Capacity  does  not  increase  smoothly  but  rather  in  steps.  Each  step  in 
the  figure  represents  the  addition  of  a  tester.  The  horizontal  line  just 
above  the  24-hour  tick  mark  represents  a  notional  demand  on  one 
tester  type  created  by  a  squadron.  In  this  case,  demand  is  just  above 
the  capacity  of  one  tester,  so  two  testers  would  be  needed  to  support 
a  base  with  one  squadron;  otherwise,  the  maintenance  backlog 
would  continuously  grow.  For  decentralized  maintenance  in 
support  of  four  noncollocated  squadrons,  eight  testers  operating  at 
an  average  of  55  percent  capacity  would  be  required,  meaning  that 
almost  half  of  the  capacity  at  each  location  would  be  excess.  Consol¬ 
idation  takes  advantage  of  this  distributed  excess  capacity  by  com¬ 
bining  it  into  usable  chunks.  As  a  result,  the  pooled  demand  of 


3We  call  capacity  stepwise  or  chunky  because  capacity  can  be  increased  or  decreased 
only  by  multiples  of  the  capacity  of  one  tester. 


Resource  Requirements  49 


RAND  MR1174-AF-4.2 


CC 

8* 

o 


CO 

Q 


2  3 

Number  of  testers 


Figure  4.2 — The  Step  Function  Effect  of  Tester  Capacity 


four  squadrons  requires  only  five  collocated  testers  in  this  example, 
reducing  the  tester  requirement  by  38  percent  and  boosting  capacity 
utilization  to  85  percent. 

Consolidation  Effect  of  Load  Smoothing 

Consider  a  system  having  five  sets  of  customers  with  equal  demand 
rates  and  five  servers  with  equal  capability.  In  system  one,  the  sets  of 
customers  and  servers  form  five  subsystems  consisting  of  five  one- 
server  queues.  In  system  two,  they  form  one  system  with  one  queue. 
In  the  presence  of  service  time  or  demand  variability,  system  two  will 
have  a  shorter  average  wait  time.  The  number  of  system-one  servers 
would  thus  need  to  be  increased  to  achieve  the  same  average  queue 
time  as  in  system  two.  This  is  because  if  one  server  in  system  one  is 
backlogged  and  one  is  idle,  the  idle  server  cannot  help  out  the  other. 
System  one  is  akin  to  a  decentralized  maintenance  system  in  which 
each  squadron  is  supported  by  one  set  of  testers.  By  contrast,  system 
two  represents  consolidation.  Since  each  structure  was  assumed  to 
have  the  same  maintenance  queue  time,  the  consolidated  structures 
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need  fewer  testers  to  satisfy  the  same  aggregate  system  demand  as  a 
decentralized  structure. 

The  ASM  spares  calculations  assume  that  base  repair  times  would 
remain  constant  at  current  levels,  averaging  about  four  days  across 
all  LRUs.  In  the  interests  of  producing  modeling  consistency,  the  ca¬ 
pacity  utilization  factors  were  set  for  an  average  maintenance  queue 
time  of  72  hours,  with  the  remaining  repair  time  split  between  actual 
repair  time  and  on-base  movement.  Given  these  parameters  and  as¬ 
suming  the  same  level  of  demand,  a  consolidated  system  needs 
about  10  percent  fewer  testers  than  a  decentralized  system.  This 
consolidation  effect  is  modest  because  72  hours  is  a  relatively  long 
queue  time  compared  to  the  service  time.  Reducing  the  queue  time 
to  12  hours,  for  example,  would  give  a  consolidated  system  close  to  a 
50  percent  advantage  in  tester  reduction  over  a  decentralized  system. 

SHORTAGES  OF  CERTAIN  TESTERS  IN  TODAY'S  SYSTEM 

The  model's  results  also  provide  an  opportunity  to  evaluate  the  abil¬ 
ity  of  the  current  structure  to  meet  its  requirements.  Our  analysis 
suggests  that  the  Air  Force  would  need  six  additional  TISS  testers  to 
meet  the  demands  of  two  MTWs.  For  all  other  current  testers,  the  in¬ 
ventory  is  sufficient.  The  model  also  shows,  however,  that  the  pro¬ 
posed  purchase  of  39  ESTS  may  not  suffice  to  meet  current  mainte¬ 
nance  objectives,  even  if  the  ESTS  achieves  95  percent  availability.4 
The  model  estimates  that  the  Air  Force  would  need  to  purchase  three 
more  ESTS  testers  to  meet  operational  objectives. 

Excess  Testers  Permit  MTW  Tester  Capacity  During 
Peacetime  at  All  FSLs 

The  tester  requirements  displayed  in  Figure  4.2  represent  require¬ 
ments  across  the  Air  Force  during  two  simultaneous  MTWs  (the 
maximum  total  Air  Force  requirement).  However,  the  sum  of  the 
maximum  required  at  any  one  time  at  each  location  in  the  consoli- 


4Sensitivity  analysis  of  ESTS  uptime  reveals  that  in  the  decentralized  case,  the  number 
required  would  not  increase  until  availability  dropped  below  83  percent.  This  unex¬ 
pected  result  occurs  because  at  95  percent  availability  the  stepwise  nature  of  capacity 
gives  significant  excess  capacity  to  each  distributed  location. 
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dated  structures  (peacetime  for  a  CSL  with  FSLs  and  during  an  MTW 
for  FSLs)  is  always  less  than  the  current  number  of  testers  that  the  Air 
Force  has  acquired  or  plans  to  acquire  under  the  decentralized 
structure.  Consider,  for  example,  the  support  structure  of  two  FSLs 
and  one  CSL.  For  an  MTW,  each  FSL  needs  eight  TISS  testers.  The 
CSL  needs  three  testers  during  two  simultaneous  MTWs  and  seven 
during  peacetime.  The  sum  of  the  maximum  number  of  testers  re¬ 
quired  at  any  one  time  at  each  of  the  three  locations  is  therefore  23. 
Since  the  Air  Force  currently  has  an  inventory  of  25  TISS  testers,  it 
could  permanently  equip  the  CSL  and  both  FSLs  at  their  maximum 
projected  requirements.  This  is  possible  for  all  testers  in  any  of  the 
consolidated  structures.  Relying  on  this  “excess”  tester  inventory  in 
the  consolidated  structures  would  eliminate  the  need  to  move  any 
testers  across  all  scenarios. 

PERSONNEL  REQUIREMENTS 

The  model  calibrates  the  personnel  requirements  for  each  structure 
using  current  Air  Force  manning  standards.  Given  the  current  sys¬ 
tem,  practices,  and  personnel  levels,  we  estimate  that  two  people 
would  be  needed  for  each  shift  at  each  test  station.  The  number  of 
test  stations  indicated  by  the  maintenance  shop  requirements  model 
thus  determines  the  number  of  personnel  required  to  support  oper¬ 
ational  objectives  for  each  structure. 

Figure  4.3  displays  the  personnel  requirements  for  both  tester  con¬ 
figurations  under  each  support  structure.  Decentralized  support 
personnel  requirements  are  significantly  greater  under  all  tester 
configurations,  even  with  the  reduced  personnel  demands  of  an 
ESTS  shop. 

The  thick  horizontal  line  in  Figure  4.3  indicates  the  current  level  of 
Air  Force  F-15  avionics  AIS  personnel.  As  with  testers,  for  the  two- 
MTW  case  under  decentralization  our  analysis  points  to  a  personnel 
shortfall  comprising  almost  300  persons  for  the  current  AIS  technol¬ 
ogy  and  about  50  persons  using  the  ESTS  technology.  The  current 
manpower  level  is  close  to,  but  still  slightly  below,  what  our  model 
indicates  is  required  for  the  ESTS  configuration.  The  difference  be¬ 
tween  the  modeled  ESTS  configuration  requirement  and  the  number 
of  personnel  today  results  from  the  need  for  six  additional  TISS  and 
three  additional  ESTS  test  stations  beyond  today’s  TISS  and  the 


52  An  Analysis  of  F- 15  Avionics  Options 


RAND  MR1174-AF-4.3 

1000.  - — — - — -  ■  -  | 


Use  Inventory  ESTS 

Tester  configuration  and  maintenance  structure 
aDecentralized.  bFSL.  CCSL. 


Figure  4.3 — Personnel  Requirements 


programmed  ESTS  inventory.  In  effect,  the  Air  Force  has  already  re¬ 
duced  personnel  to  the  level  necessary  to  operate  the  number  of  pro¬ 
grammed  ESTS  test  stations  even  though  the  “old”  testers  are  still  in 
use. 

SPARE-PARTS  REQUIREMENTS 

In  the  decentralized  structures,  spare  parts  must  accommodate  base 
repair  of  three-level  LRUs,  three-level  LRUs  declared  NRTS,  and  two- 
level  LRUs  at  depots.  On-base  stock  includes  the  base-repair  LRU 
operating  requirements  and  safety  stock  based  on  those  require¬ 
ments,  SRUs  to  support  the  replenishment  time  from  the  depot,  and 
operating  and  safety  stock  to  support  LRUs  sent  to  depots.  Depot 
stock  must  include  an  operating  and  safety  level  of  SRUs  to  repair 
LRUs  based  on  SRU  replenishment  time,  safety  stocks  of  LRUs  based 
on  the  depot  repair  time,  and  operating  and  safety  stocks  of  LRUs  to 
replace  condemned  LRUs.  The  only  stock  based  on  the  depot-to- 
base  pipeline  time  is  the  on-base  stock  supporting  NRTS  LRUs  (not 
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all  two -level  items  are  returned  to  depots  for  repair  during 
peacetime). 

In  the  consolidated  structures,  spare  parts  must  accommodate  FSL 
or  CSL  repair  as  well  as  depot  and  home-base  requirements.  Bases 
must  still  have  LRU  operating  and  safety  stock,  but  the  levels  are 
based  on  the  pipeline  to  consolidated  repair  centers  for  three-level 
items  rather  than  on  the  on-base  repair  pipeline.  The  same  pipeline 
between  depots  and  bases  is  used  for  two -level  items,  and  there  is  no 
longer  a  need  for  SRUs  in  RSPs  or  in  POS  at  bases  not  collocated  with 
a  repair  facility.  FSLs  and  the  CSL  must  have  SRU  operating  and 
safety  stock  to  support  the  SRU  replenishment  time  from  the  depot, 
as  well  as  LRU  operating  and  safety  stock  to  support  the  on-site  re¬ 
pair  time  and  NRTS  LRUs.  Depot  stock  in  the  consolidated  struc¬ 
tures  would  cover  the  same  pipelines  as  those  in  the  decentralized 
structure.  In  the  consolidated  structures,  both  base  and  FSL/CSL 
stocks  rely  on  resupply  times  from  FSLs /CSL  and  depots,  respec¬ 
tively.  Figure  4.4  illustrates  the  difference  in  spare-parts  operating 
stock  pipelines  between  having  a  collocated  AIS  and  receiving  sup¬ 
port  from  a  regional  FSL  in  theater. 

Reflecting  these  requirements,  the  spare-parts  levels  in  Figure  4.5 
were  produced  by  the  ASM-  and  SBSS-based  models  as  appropriate. 
Counterintuitively,  we  see  that  as  consolidation  increases,  spare 
parts  requirements  increase.  This  is  attributable  to  the  fact  that  as 
consolidation  increases,  the  average  pipeline  length  across  the  Air 
Force  for  POS  increases  as  well  because  fewer  aircraft  are  collocated 
with  ILM.  During  peacetime  in  the  two-FSL  and  one-CSL  case,  for 
example,  the  F-15s  at  Lakenheath  and  Kadena  have  local  repair  with 
a  pipeline  of  just  four  days,  but  in  the  one-CSL-only  case  they  must 
receive  all  support  from  CONUS  with  an  effective  pipeline  length  of 
24  days  with  the  base-case  OST  of  ten  days  (ten  days  retrograde,  four 
days  of  CSL  repair  time,  and  ten  days  of  shipment  time  to  the  base) 
and  even  ten  days  with  the  “faster”  OST  of  three  days. 

For  RSPs,  each  of  the  FSL  structures  has  the  same  inventory  re¬ 
quirement  because  the  only  factor  that  changes  across  the  options  is 
wartime  pipeline  length.  For  all  options,  this  is  ten  days  from  FOLs 
to  CONUS  locations  and  seven  days  from  FOLs  to  FSLs.  Therefore, 
the  RSP  requirement  is  the  same  for  each  of  the  three  FSL  options 
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and  largest  for  the  CSL-only  and  decentralized-no-deployment  op¬ 
tions.  In  consolidation,  none  of  the  aircraft  will  be  collocated  with 
repair  during  wartime,  so  this  factor,  which  strongly  influences  POS 
requirements,  plays  no  role  in  RSP  computations. 

Consolidated  repair  offers  inventory  reduction  opportunities 
through  potential  reductions  in  repair  time  and  through  reductions 
in  safety  stock  created  by  pooling  demand.  With  long  repair  times  at 
bases,  substantial  operating  and  safety  stock  requirements  would 
offer  a  large  potential  for  improvement.  In  terms  of  the  operating 
stock  requirement,  if  consolidation  can  reduce  repair  time  by  more 
than  the  increase  in  distribution  time  from  the  repair  location  to  the 
operating  location,  then  consolidation  reduces  inventory  require¬ 
ments.  Reductions  in  safety  stock  both  from  repair  time  reductions 
and  from  pooling  of  demand  would  combine  with  changes  in  the 
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operating  stock  requirement  to  produce  the  total  change.  The 
current  short  Air  Force  local  repair  times  of  about  four  days  do  not 
offer  much  room  for  improvement  in  operating  stock  and  result  in 
fairly  low  safety  stock  levels.  Even  reducing  consolidated  repair  time 
to  one  day  would  result  in  an  increased  pipeline  length  unless 
distribution  times  of  less  than  two  days  could  be  achieved. 

PEACETIME  TRANSPORTATION  REQUIREMENTS 

During  peacetime  there  are  about  180  LRU  demands  (including  BCS) 
per  day  across  the  system.  Depending  on  the  structure,  some  por¬ 
tion  of  these  will  require  evacuation  to  repair  facilities  and  trans¬ 
portation  of  serviceable  LRUs  to  home  operating  bases.  Summing 
across  the  demands  requiring  transportation  at  all  locations  in  each 
structure  produces  the  daily  transportation  requirement. 
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INFRASTRUCTURE  REQUIREMENTS 

For  each  structure,  we  determined  the  number  of  tester  types  re¬ 
quired  and  compared  it  to  the  on-hand  total  at  each  location.  The 
difference,  either  positive  or  negative,  was  then  multiplied  by  the 
square-footage  requirement  for  that  test  station  type.5  Summing 
across  these  requirements  for  each  tester  type  at  each  location  pro¬ 
duces  the  facility  requirements  for  each  structure,  as  indicated  in 
Table  4.2.  Any  existing  unused  space  at  the  current  facilities  at  each 
of  these  bases  would  reduce  these  requirements. 

Table  4.2 

Increase  in  Square-Footage  Requirements 


Current  Testers 

4-FSL/CSL 

3-FSL/CSL 

2-FSL/CSL 

CSL  only 

Kadena 

11,615 

11,615 

11,615 

— 

Lakenheath 

— 

— 

8675 

— 

SWA 

24,814 

24,814 

— 

— 

CSL 

4609 

7157 

7157 

32,612 

ESTS 

Kadena 

5368 

5368 

5368 

Lakenheath 

— 

— 

1544 

— 

SWA 

23,489 

23,489 

— 

— 

CSL 

— 

219 

219 

22,422 

Similarly,  we  determined  personnel  movement  requirements.  The 
number  of  people  currently  assigned  at  each  location  was  compared 
to  the  consolidated  requirement  for  each  option.  The  requirements 
were  then  summed  across  locations  to  yield  the  total  movement  re¬ 
quirements  for  each  structure  displayed  in  Table  4.3. 


5Square-footage  requirements  for  each  test  station  type  were  determined  by  dividing 
the  total  shop  space  dedicated  to  each  tester  type  by  the  number  of  test  stations  in  the 
general  AIS  building  specifications  found  in  “Basic  Item  217-712,  Avionics  Shop 
(ADDM-D),”  McDonnell  Aircraft  Company,  MDC  A9246,  Rev.  B. 


Resource  Requirements 
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Table  4.3 

Required  Personnel  Moves  for 
Implementation 


Configuration 

Current 

Testers 

ESTS 

4  FSLs  +  CSL 

245 

185 

3  FSLs  +  CSL 

284 

224 

2  FSLs  +  CSL 

268 

208 

CONUS 

325 

295 

Chapter  Five 

OPTIONS  ANALYSIS 


This  chapter  discusses  the  costs  and  deployment  footprint  require¬ 
ments  for  each  structure  as  well  the  effects  of  these  requirements  on 
risk,  flexibility,  personnel  turbulence,  and  spin-up  time.  Although  a 
disproportionate  amount  of  this  chapter  describes  the  costs  resulting 
from  these  resource  requirements,  it  is  the  total  cost  that  serves  as  a 
feasibility  check  of  sorts  on  each  structure.  In  today’s  budget  envi¬ 
ronment,  it  is  highly  unlikely  that  the  Air  Force  would  elect  to  in¬ 
crease  support  costs  even  if  it  were  capable  of  doing  so.  Thus,  it  is 
critical  to  determine  if  alternative  support  systems  are  even  feasible 
from  a  cost  perspective. 

MINIMIZE  COST 

The  five  costs  analyzed  here  are  for  testers,  personnel,  transporta¬ 
tion,  spare  parts,  and  infrastructure  changes. 

Tester  Costs 

As  a  result  of  existing  or  programmed  inventories,  which  are  treated 
as  sunk  costs,  tester  procurement  costs  are  minimal.  Figure  5.1 
summarizes  the  tester  costs  for  both  tester  configurations,  using  cur¬ 
rent  inventory  and  the  ESTS,  under  each  support  structure  option. 
Procurement  costs  for  the  existing  testers  are  incurred  only  under 
continued  use  of  decentralized  support,  since  there  is  only  an  insuffi¬ 
cient  number  of  testers  in  current  inventory  to  meet  MTW  objectives 
with  this  system.  For  both  tester  configurations  under  decentralized 
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support,  there  is  a  $12  million  cost  associated  with  increasing  the 
number  of  TISS  testers. 


BAND  hAR117A.AP.Z  1 


Use  Inventory  ESTS 

Tester  configuration  and  maintenance  structure 

With  $30  million  for  ESTS  program  stretch  and 
$63  million  in  future  planned  expenditures 

a  Decentralized.  b  FSL.  c  CSL. 


Figure  5.1 — Tester  Costs  by  Structure  and  Tester  Configuration 


Although  parts  obsolescence  and  the  potential  need  for  overhauls  are 
likely  to  introduce  some  cost  risk  in  using  the  current  testers,  we  as¬ 
sume  this  cost  to  equal  that  of  the  current  programmed  tester  main¬ 
tenance  budget  and  therefore  do  not  consider  it  in  this  analysis. 

ESTS  configuration  costs  include  $63  million  in  program  funds  still 
pending  when  this  analysis  was  conducted  (FY99).  Assuming  that 
these  funds  could  have  been  shifted  helps  illustrate  the  tradeoffs  that 
can  be  made  between  technology  and  policy.  These  costs  also  in¬ 
clude  a  then-projected  program-stretch  cost  of  about  $30  million. 
This  stretch  is  intended  to  address  the  need  for  modifications  to 
eliminate  tester  deficiencies  uncovered  during  operational  test  and 
evaluation.  The  decentralized  ESTS  case  includes  the  costs  of 
procuring  three  ESTS  units  in  response  to  the  projected  shortage  dis¬ 
cussed  earlier.  With  the  need  for  TISS  testers  in  the  decentralized 
structures,  this  brings  the  ESTS  configuration  tester  cost  to  about 
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$115  million,  as  opposed  to  $93  million  in  the  consolidated  struc¬ 
tures. 

Personnel  Costs 

Personnel  costs  are  based  on  an  average  cost  of  approximately 
$42,000  per  person  per  year,  weighted  for  the  desired  mix  of  skill 
levels  and  grades  of  authorized  personnel.  These  costs  reflect  fully 
burdened  Air  Force  personnel  costs.1  Figure  5.2  compares  the 
present  value  of  personnel  costs  over  an  eight-year  period 
discounted  at  a  5.5  percent  annual  rate  (eight  years  is  estimated  to  be 
the  economic  life  of  test  equipment).  Since  personnel  cost  is  a 
recurring  cost  that  can  be  adjusted  over  time,  it  varies  much  more 
between  structures  than  do  tester  costs. 


Current  testers  ESTS 


aDecentralized — deployment  option.  bCSL. 


Figure  5.2 — Eight-Year  Net  Present  Value  of  Personnel  Costs 


JBy  “fully  burdened  costs”  we  mean  the  sum  of  all  costs  associated  with  having  a  per¬ 
son  in  the  Air  Force,  to  include  pay,  benefits,  accrued  pension  expense,  infrastructure 
costs  (e.g.,  base  housing),  and  support  costs.  See  “Application  of  Military  Standard 
Composite  Rate  Acceleration  Factors  for  Fiscal  Year  1998.” 
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Spare-Parts  Costs 

To  determine  spare-parts  costs,  we  start  with  the  total  requirements 
for  each  part,  the  sum  of  which  was  displayed  earlier.  By  comparing 
these  requirements  to  the  current  Air  Force  inventory,  programmed 
buys,  and  programmed  repairs,  we  then  determine  the  changes  in 
procurement  and  repair  requirements  necessary  for  each  LRU  and 
SRU  for  each  structure.2  In  cases  where  there  is  long  supply  of  un¬ 
serviceable  parts,  incremental  requirements  are  met  first  through  re¬ 
pair  and  then  through  procurement  once  the  new  requirements  con¬ 
sume  the  excess  unserviceable  stock.  Adding  the  change  in  require¬ 
ments  for  all  LRUs  and  SRUs  then  produces  the  total  additive  outlays 
for  buy  and  repair  displayed  in  Figure  5.3.3  These  additive  outlays 
represent  one-time  infusions  of  money  that  would  have  to  be  directly 
appropriated  to  AFMC  through  the  Air  Force  Working  Capital  Fund 
(AFWCF)  to  increase  authorized  serviceable  inventory  levels  through 
a  combination  of  one-time  increases  to  repair  programs  and  new 
procurements.4  Most  of  the  additive  outlays  are  for  buys  that  must 


2The  central  secondary  item  specification  (CSIS)  was  used  to  determine  the  actual  in¬ 
ventory  on  hand,  due  in  from  procurement,  or  in  long  supply  for  each  item.  Many 
F-15  avionics  spare  parts  are  in  long  supply  Air  Force-wide,  but  much  of  the  "excess” 
inventory  is  in  storage  at  depots  in  unserviceable  condition  awaiting  induction  into 
repair  as  demands  occur. 

3  Air  Force  programmed  buy-and-repair  costs  for  each  part  were  used  to  determine 
costs.  Programmed  repair  costs  include  necessary  piece-part  costs  to  repair  the  com¬ 
ponent  as  well  as  "overhead"  and  labor  cost  allocation.  Since  in  the  short  run  over¬ 
head  and  labor  costs  are  primarily  fixed  costs,  actual  repair-program  changes  may  not 
cause  changes  in  actual  costs  equal  to  the  estimated  costs  using  the  programmed  re¬ 
pair  costs.  Because  programmed  repair  costs  are  orders  of  magnitude  lower  than 
programmed  buy  costs,  however,  almost  all  of  the  net  outlays  from  spare  costs  are 
produced  by  net  procurement  changes.  Therefore,  the  possible  programmed  repair 
cost  “misrepresentation”  of  actual  marginal  repair  cost  has  an  insignificant  effect  on 
the  comparison  of  options  in  this  analysis. 

4Spare-parts  repairs  and  procurements  are  typically  paid  for  through  the  AFWCF. 
This  revolving  stock  fund  operates  on  a  full  cost  recovery  basis  that  is  intended  to  al¬ 
low  the  AFWCF  to  break  even.  (By  law  it  cannot  make  a  profit  and  if  it  does  so  in  one 
year,  the  profit  is  returned  to  customers  in  the  next  year  through  a  reduced  overhead 
charge.  Similarly,  if  there  is  a  loss  in  a  year,  it  must  be  made  up  through  an  increase  in 
the  overhead  charge  the  following  year.  Alternatively,  a  one-time  appropriation  is 
sometimes  made  to  make  up  losses  in  order  to  avoid  increased  unit  prices,  which  may 
drive  customers  to  look  for  alternative  sources  of  supply  [e.g.,  local  repair  of  items 
when  they  should  come  from  a  depot] .)  When  a  unit  draws  an  item  from  stock,  it  pays 
the  AFWCF  an  amount  equal  to  the  marginal  cost  of  the  item  plus  an  overhead 
markup.  This  money  should  then  be  used  to  repair  the  carcass  (or  purchase  a  new 
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Figure  5.3 — Additive  Inventory  Repair  and  Procurement  Outlays 


occur  after  unserviceable  LRUs  are  exhausted,  because  programmed 
repair  costs  are  extremely  low  relative  to  the  purchase  price  of  many 
of  these  LRUs. 


part  if  the  carcass  gets  condemned)  and  replenish  the  inventory  account  from  which 
the  serviceable  part  was  drawn.  Moving  to  one  of  the  alternative  systems  would  re¬ 
quire  a  one-time  increase  to  new  steady-state  inventory  levels.  This  represents  a  one¬ 
time  unfunded  demand  on  the  AFWCF,  because  the  repair  and  procurement  require¬ 
ments  come  not  from  customer  demands  that  produce  revenue,  but  rather  to  increase 
stock  positions.  Thus,  to  achieve  the  initial  required  position,  the  AFWCF  would  have 
to  receive  sufficient  funds  through  direct  appropriation  to  complete  the  required  re¬ 
pairs  and  procurements. 

This  analysis  also  assumes  that  the  RSP  and  POS  requirements  for  the  current  system 
are  fully  ftmded.  For  a  variety  of  reasons  (all  beyond  the  scope  of  this  report  but  cur¬ 
rently  being  worked  intensively  by  AFMC  and  the  Air  Staff),  there  have  been  times 
when  the  Air  Force  Working  Capital  Fund  (AFWCF)  has  not  fully  recovered  its  costs 
and  the  repairs  and  procurements  required  to  maintain  serviceable  inventory  levels 
have  not  been  funded.  As  any  such  shortfalls  should  be  funded  regardless  of  the  alter¬ 
native  selected,  they  do  not  affect  the  cost  comparison  between  the  alternatives.  And 
since  these  potential  costs  are  unrelated  to  a  potential  change  in  F-15  avionics  main¬ 
tenance  structure,  we  elected  not  to  include  them  in  the  analysis. 
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When  determining  outlays,  we  first  pool  the  RSP  and  POS  require¬ 
ments  and  then  compare  the  total  requirement  against  the  spare 
parts  program.  We  then  “allocate”  the  outlays  to  RSP  and  POS  for 
analysis  purposes.  If  only  the  POS  or  the  RSP  has  an  increased  re¬ 
quirement  for  an  item,  then  all  of  the  outlay  is  allocated  against  the 
respective  inventory  category.  If  both  require  an  increase  in  the  re¬ 
quirement,  we  allocate  the  outlays  in  the  relative  proportions  that 
POS  and  RSP  contribute  to  the  total  requirement. 

As  with  the  overall  spare-parts  requirements,  required  spare-parts 
outlays  increase  with  consolidation.  The  increase  in  spare-parts 
costs  from  the  five-location  to  the  three-location  structure  is  linear 
and  caused  by  a  linearly  increasing  number  of  aircraft  supported  by 
FSLs  rather  than  their  bases.5  The  large  jump  in  spare-parts  costs 
from  the  two-FSL/one-CSL  option  to  the  one-CSL-only  option  re¬ 
flects  both  an  increase  in  the  number  of  aircraft  supported  from  a 
consolidated  center  (rather  than  from  their  home  base)  during 
peacetime  and  the  shift  in  OCONUS  resupply  from  theater  FSLs  to 
the  CSL,  which  increases  the  pipeline  in  each  direction  from  seven  to 
ten  days  using  the  baseline  OSTs. 

As  expected,  reducing  the  peacetime  OST  dramatically  decreases  the 
POS  spares  inventory  requirements  and  consequently  the  additional 
outlays  for  buy  and  repair  in  the  consolidated  options.  At  the  faster 
times,  this  leads  to  the  five-  to  three-location  structures  having  simi¬ 
lar  outlay  requirements.  Even  at  the  faster  times,  however,  the  CSL- 
only  requirement  is  substantial. 


5The  reader  will  note  from  earlier  discussions  that  only  the  total  POS  requirement 
changes  between  the  three  FSL  options  (there  is  no  change  at  all  in  the  RSP  require¬ 
ment).  However,  the  POS  and  RSP  requirements  “interact”  when  determining  outlay 
requirements.  In  the  four-FSL  option,  for  example,  consider  a  case  in  which  the  re¬ 
quirement  for  both  POS  and  RSP  increases  but  the  current  program  can  satisfy  the  en¬ 
tire  POS  and  RSP  marginal  requirements  (through  “excess”).  Suppose,  however,  that 
in  the  three-FSL  option,  a  further  increase  in  the  POS  requirement  causes  the  “excess” 
position  to  run  out  and  there  is  now  a  need  for  additional  outlays  of  money  to  increase 
the  program.  We  allocate  the  outlays  proportionately  according  to  the  POS  and  RSP 
inventory  increases.  So  now  the  total  RSP  outlay  in  the  three-FSL  option  is  greater 
than  that  in  the  four-FSL  option  even  though  the  total  amount  of  RSP  inventory  is  the 
same.  In  this  case,  by  themselves  there  would  be  enough  inventory  to  satisfy  either 
the  POS  or  the  RSP  requirements.  Together,  there  is  a  need  to  increase  the  buy-and- 
repair  program. 
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For  the  decentralized  case,  improving  the  OST  does  little  to  reduce 
planned  outlays,  because  current  inventory  is  a  sunk  cost  and  most 
LRU  resupply  comes  from  repair  at  either  bases  or  depots  rather  than 
through  procurement.  Thus,  the  reduction  in  requirements  leads 
primarily  to  a  delay  in  repair  requirements.  This  creates  a  small, 
one-time  savings  through  "repair  avoidance”  (see  Figure  5.3). 

In  the  long  term,  however,  reducing  OST  would  probably  yield  an  in¬ 
ventory  cost  benefit  exceeding  that  quantified  in  this  analysis.  When 
force  modernization  introduces  new  parts,  the  initial  stockage  re¬ 
quirement  and  hence  the  initial  procurement  for  these  parts  would 
be  lower  with  a  reduced  OST.  Changes  in  forecasted  demand  would 
have  a  smaller  impact  on  required  changes  in  inventory  levels, 
whether  up  or  down.  This  would  potentially  reduce  inventory 
"churn,”  which  often  produces  "excess.”  In  short,  anything  that  af¬ 
fects  required  inventory  levels  in  the  future  would  have  a  smaller  ef¬ 
fect,  because  inventory  levels  would  be  lower.  However,  this  would 
apply  to  each  of  the  structures. 

Transportation  Cost 

Figure  5.4  displays  the  peacetime  cost  differences  between  the  con¬ 
solidated  structures  and  today’s  decentralized  structure.  In  a  decen¬ 
tralized  maintenance  system,  unserviceable  three-level  items  are 
repaired  on  base  and  do  not  need  transportation.  In  a  remove-and- 
replace  system,  all  unserviceable  items  must  be  shipped  from  FOLs 
or  bases  to  an  FSL  or  CSL,  and  a  serviceable  part  must  be  shipped 
back.  As  consolidation  increases,  peacetime  transportation  cost  in¬ 
creases  as  well  because  fewer  operating  bases  will  have  collocated 
repair  facilities.  Transportation  costs  reflect  Federal  Express  rates 
and  can  thus  be  assumed  to  correspond  to  the  fast-OST  scenario, 
serving  as  an  upper  bound  for  the  baseline  OST  cost.  The  Air  Force, 
however,  is  more  likely  to  reach  the  fast-OST  assumptions  by  reduc¬ 
ing  the  order,  depot,  and  receipt-processing  segment  times  rather 
than  the  actual  transportation  segment,  since  often  this  already  relies 
on  express  delivery  for  critical  requisitions. 


66  An  Analysis  of  F-15  Avionics  Options 


.  „  RAND  MR1174-AF-5.4 

$50 
$45 
'u)  $40 

c 

I  $35 
r  $30 

CO 

8  $25 

|  $20 
<1> 

Q.  $15 
1  $10 
$5 
$0 

Base  case  4  FSLs  +  Ca  3FSLs  +  C  2  FSLs  +  C  CONUS 
Maintenance  structure 

Based  on  FedEx  rates 
aCSL. 
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Transportation  Costs 


Infrastructure  Change  Costs 

Figure  5.5  provides  the  infrastructure  change  costs  by  structure  di¬ 
vided  into  facility  and  personnel/unit  transfer  costs.  To  determine 
facility  costs,  we  simply  multiplied  the  square -footage  requirements 
by  a  standard  cost  per  square  foot  for  aircraft  hangar  construction 
and  setup — $184  per  square  foot.6  The  square-footage  requirements 
were  based  on  the  amount  of  space  needed  for  test  station  require¬ 
ments  beyond  the  existing  level  at  each  location.  Any  existing  ad¬ 
ministrative,  storage,  and  other  nondirect  testing  space  was  assumed 
to  be  sufficient.  To  determine  the  costs  to  move  people  from  current 
duty  assignments  to  the  FSLs/CSL,  we  multiplied  the  number  of 

6The  cost  per  square  foot  came  from  a  table  of  historical  averages  provided  on  the 
Building  Evaluations  website.  The  cost  per  square  foot  for  hangar-aircraft  mainte¬ 
nance  is  among  the  highest  of  all  building  types.  See  “Hangar-Aircraft  Maintenance” 
(2000). 
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Figure  5.5 — Infrastructure  Change  Costs  by  Structure 


people  who  have  to  move  by  the  standard  FY99  cost  per  person  for 
unit  moves — $11,517  for  officers  and  $5,881  for  enlisted  personnel.7 

Facility  costs  are  a  function  of  the  number  of  maintenance  locations 
and  the  amount  of  expansion  that  each  needs.  The  primary  reason 
that  the  four-  and  three-FSL  options  are  more  expensive  than  the 
others  is  that  they  include  a  notional  SWA  FSL.  The  SWA  FSL  facility 
cost  is  much  higher  than  the  others  because  we  assume  the  need  to 
construct  a  complete  facility  rather  than  just  an  addition  with  space 
for  an  increased  number  of  test  stations  as  with  the  other  locations. 
The  ESTS  configuration  options  are  less  expensive  because  adoption 
of  the  ESTS  reduces  the  total  number  of  test  stations  at  each  location. 


7“Permanent  Change  of  Station  (PCS)  Cost  Per  Move  As  of  FY98/99  President’s  Bud¬ 
get,"  (1998). 
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Total  Cost 

Summing  the  net  present  costs  for  equipment,  personnel,  spare 
parts,  transportation,  and  infrastructure  changes  for  each  option 
produces  the  total  costs  for  each  structure,  as  shown  in  Figure  5.6. 
With  baseline  OSTs  and  the  current  tester  configuration,  the  decen¬ 
tralized- deployment  structure  and  the  four-FSL  option  are  the  lowest 
in  total  cost.  However,  these  two  structures  differ  greatly  in  cost 
components,  with  recurring  personnel  costs  accounting  for  most  de¬ 
centralized  structure  expenses  and  spare-parts  investment  compris¬ 
ing  a  higher  proportion  of  the  four-FSL  cost.  This  reflects  the  general 
tradeoff  between  consolidation  and  decentralization — spare-parts 
investment  versus  annual  personnel  expenses.  As  consolidation  in¬ 
creases,  the  spare-parts  cost  increases  substantially  while  personnel 
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Figure  5.6 — Total  Cost  by  Structure,  OST,  and  Tester  Configuration 
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savings  accumulate  at  a  slower  rate  beyond  the  first  jump  to  consoli¬ 
dation.  As  a  result,  the  consolidation  option  with  the  least  amount  of 
consolidation,  the  four-FSL  one-CSL  option,  has  the  lowest  cost  of 
the  four. 

For  baseline  OSTs  with  the  ESTS  configuration,  decentralization  car¬ 
ries  a  slightly  lower  cost  than  the  four-FSL  option  because  of  lower 
ESTS  personnel  requirements  compared  to  the  current  testers  given 
the  same  demand  and  maintenance  structure.  Since  the  main  cost 
benefit  of  consolidation  is  a  reduction  in  personnel  (and  in  testers  if 
they  have  not  been  procured),  introducing  ESTS  or  other  changes 
that  reduce  personnel  decreases  the  recurring- cost  advantage  gained 
solely  through  consolidation. 

Under  fast  peacetime  OSTs,  spare-parts  requirements  decline  while 
other  costs  remain  the  same.8  With  the  current  testers,  the  four-FSL 
option  has  the  lowest  costs  under  fast  OSTs.  With  the  ESTS,  using 
fast  OSTs  makes  the  four-FSL  and  decentralized- deployment  struc¬ 
tures  approximately  equal  in  cost.  Using  ‘Taster"  OSTs  further  cuts 
spare-parts  costs  while  again  holding  other  costs  steady.  With  the 
faster  OSTs  and  current  testers,  several  consolidation  options  would 
cost  significantly  less  than  would  the  decentralized  deployment  op¬ 
tion.  Using  the  ESTS,  these  options  would  cost  roughly  the  same  as 
decentralized  deployment. 

In  comparisons  of  different  tester  configurations,  remaining  ESTS 
program  funds  are  critical.  If  such  funds  are  recoverable,  then  the 
current  testers  are  more  cost-effective.  If  they  are  not  recoverable, 
then  the  ESTS  becomes  more  cost-effective  because  it  reduces  per¬ 
sonnel  requirements.  In  this  case,  the  ESTS  program  cost  would 
have  to  be  treated  as  a  sunk  cost,  leaving  only  the  additional  required 
tester  cost  in  the  decentralized  case  as  the  only  marginal  tester  cost. 
Our  evaluation  of  the  current  inventory  configuration,  however,  as¬ 
sumes  that  no  investment  in  the  current  testers  is  necessary  (except 
for  the  addition  of  six  TISS  testers  in  the  decentralized  option),  so  any 


8The  reader  should  note  from  an  earlier  discussion  that  the  change  in  peacetime  OST 
affects  only  the  absolute  requirements  for  POS  and  has  no  effect  on  RSP  absolute  re¬ 
quirements.  As  discussed  previously,  however,  the  interaction  between  the  two  when 
determining  marginal  requirements  results  in  the  small  changes  in  the  marginal  RSP 
requirements  seen  in  Figure  5.5. 
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investment  resulting  from  obsolescence  would  reduce  the  cost  dif¬ 
ference  between  the  configurations.  The  ESTS  configuration  also 
carries  cost  risks  based  on  uncertainty  in  operational  requirements 
and  program  stretch  costs. 

REDUCE  PERSONNEL  TURBULENCE 

As  the  result  of  personnel  retention  problems,  the  Air  Force  has  had 
difficulties  in  maintaining  the  required  skill  mix  of  personnel  in  some 
areas,  such  as  F-15  avionics  intermediate  maintenance  personnel. 
To  solve  this  problem,  the  Air  Force  can  either  achieve  better  reten¬ 
tion  of  its  current  personnel  or  it  can  find  other  sources  of  maintain- 
ers. 

One  of  the  goals  of  the  EAF  is  to  produce  more  predictable  deploy¬ 
ments  for  personnel  and  to  ensure  that  people  have  periods  of  non¬ 
deployment  stability  toward  the  goal  of  improving  retention.  In  this 
analysis,  we  take  this  one  step  further  by  focusing  on  reducing  per¬ 
sonnel  deployment  requirements  to  support  operations  as  well  as  by 
examining  where  personnel  must  deploy — to  FSLs  or  FOLs.  The  cur¬ 
rent  structure,  based  on  deployment  of  the  AIS,  produces  high 
deployment  requirements,  often  to  hostile  locations,  whereas  the  de- 
centralized-no-deployment  option  completely  eliminates  deploy¬ 
ment. 

For  the  consolidated  structures,  different  peacetime  personnel  bas¬ 
ing  options  lead  to  varying  levels  of  deployment  requirements. 
Worldwide,  the  two-MTW  personnel  requirements  are  about  50  per¬ 
cent  greater  than  peacetime  requirements.  For  the  consolidated 
structures,  the  resulting  excess  personnel  capacity  in  peacetime 
combined  with  the  ability  to  permanently  equip  FSLs  with  their  full 
wartime  tester  requirements  creates  peacetime  staffing  location 
flexibility.  The  flexibility  is  produced  by  different  ways  in  which  the 
Air  Force  could  assign  “excess”  peacetime  personnel.  This  flexibility 
would  allow  the  Air  Force  to  balance  deployment  requirements  with 
other  personnel  issues. 

In  recent  years,  small-scale  contingencies  and  boiling  peacetime  op¬ 
erations  have  generated  continuous  deployments,  resulting  in  what 
the  Air  Force  has  termed  personnel  turbulence.  If  consolidated 
structures  can  eliminate  deployment  requirements  for  these  opera- 
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tions,  the  effects  of  deployment  on  F-15  AIS  personnel  would  be 
minimal.  By  permanently  assigning  about  one -fourth  of  “excess” 
peacetime  personnel  to  FSLs  in  USAFE  and  PACAF  West  (regardless 
of  consolidated  structure),  these  FSLs  could  handle  up  to  two  AEFs  in 
addition  to  the  forces  they  normally  support.  This  would  eliminate 
all  personnel  deployments  except  for  MTWs. 

Determining  assignments  for  the  remaining  three-fourths  of  the  ex¬ 
cess  personnel  would  involve  tradeoffs  between  the  size  of  the 
CONUS  rotation  base  and  MTW  deployment  requirements.  Placing 
all  of  these  personnel  forward  in  FSLs  would  minimize  MTW  de¬ 
ployment  requirements.  Figure  5.7  illustrates  how  this  plan  would 
function.  The  top  two  rows  of  numbers  in  this  figure  show  the  TISS 
tester  requirements  by  region  in  peacetime  and  wartime.  In  “boiling 
peace”  there  is  a  requirement  for  13  worldwide,  but  for  two  MTWs 
the  Air  Force  needs  19.  The  maximum  of  these  two  numbers,  19,  sets 
the  minimum  inventory  of  TISS  testers  that  the  Air  Force  needs.  This 
is  the  minimum  number  of  testers  required  at  the  maximum  pro¬ 
jected  worldwide  operating  tempo.  We  note,  however,  that  during 
peacetime  the  requirement  is  for  seven  in  CONUS  and  during 
wartime  it  is  for  eight  each  in  PACAF  and  USAFE.  The  sum  of  these 
individual-location  peacetime /wartime  maximums  is  23.  Since  23  is 
less  than  the  current  Air  Force  inventory  of  25,  there  is  no  marginal 
equipment  cost  for  permanently  equipping  each  of  the  three  regions 
with  their  maximum  projected  requirements  for  all  anticipated  sce¬ 
narios,  because  the  existing  testers  are  a  sunk  cost.  By  doing  this,  the 
Air  Force  would  eliminate  the  need  to  move  testers  when  shifting 
from  peacetime  to  wartime.  Over  the  long  term,  however,  personnel 
costs  are  variable,  so  it  is  possible  to  produce  cost  savings  by  reduc¬ 
ing  the  personnel  requirement  below  the  existing  personnel 
“inventory.”  Therefore,  the  Air  Force  should  have  enough  avionics 
personnel  to  meet  the  maximum  projected  simultaneous  demand  of 
19  sets  of  crews,  but  no  more.  A  policy  that  would  minimize  MTW 
deployment  requirements  would  permanently  assign  the  “excess” 
peacetime  personnel  to  the  FSLs.  Since  CONUS  has  a  maximum 
demand  of  seven  sets  of  crews,  this  leads  to  assignments  of  six  sets  of 
crews  at  each  FSL,  three  of  which  are  “excess”  during  peacetime  at 
each  FSL.  Then,  in  the  event  of  an  MTW  in  either  AOR,  two  CONUS 
crews  would  augment  the  appropriate  FSL.  Because  CONUS  aircraft 
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Figure  5.7 — Wartime  Augmentation  of  FSLs 


deploy  during  MTWs,  CONUS  capacity  temporarily  becomes  exces¬ 
sive.  Figure  5.7  indicates  that  if  two  MTWs  occurred  simultaneously, 
there  would  no  reason  to  keep  more  than  three  sets  of  crews  in 
CONUS. 

Such  a  peacetime  assignment  policy  would  eliminate  AEF-only  de¬ 
ployments  and  slash  MTW  deployment  requirements.  Figure  5.8 
shows  the  resulting  maximum  personnel  deployments  needed  to 
augment  FSLs  during  two  simultaneous  MTWs.  Yet  while  this  policy 
minimizes  deployment  requirements,  it  would  create  an  unstable 
rotation  base,  as  less  than  one-third  of  the  force  would  be  perma¬ 
nently  stationed  in  CONUS. 

Placing  the  excess  capacity  (again  above  AEF  requirements)  at  the 
CSL  instead  would  position  two-thirds  of  the  force — 13  sets  of  crews 
in  the  TISS  two-FSL  example — in  CONUS,  producing  an  acceptable 
rotation  base.  This  would  result  in  three  sets  of  crews  for  TISS  at  re¬ 
gional  FSLs,  as  indicated  by  the  required  “boiling  peacetime”  capac¬ 
ity  of  three  at  Kadena  and  Lakenheath  in  Figure  5.7.  In  comparison 
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Figure  5.8 — Minimum  Two-MTW  Deployment/FSL  Augmentation 
Requirements 


to  placing  this  capacity  at  FSLs,  this  would  double  or  triple  MTW  FSL 
augmentation  requirements  and  could  possibly  require  some  aug¬ 
mentation  for  medium-size  contingencies.  If  MTW  and  medium- 
size  operations  remain  infrequent,  however,  this  option  deserves 
serious  consideration,  because  it  would  still  eliminate  the  need  for 
deployments  for  small-scale  contingencies,  drastically  reducing  the 
frequency  of  deployments  requiring  the  deployment  of  avionics  in¬ 
termediate  maintenance  personnel.  In  fact,  under  this  approach  the 
only  deployments  that  would  have  required  avionics  intermediate 
personnel  to  deploy  during  the  1990s  would  have  been  Desert 
Shield /Storm  and  ONA. 

The  potential  use  of  the  National  Guard  or  the  Air  Force  Reserve  gen¬ 
erates  other  options.  F-15  avionics  maintenance  personnel  could  be 
kept  at  a  level  sufficient  to  accommodate  the  demands  of  two  AEFs 
during  peacetime,  yielding  13  sets  of  crews  in  the  TISS  example.  The 
remaining  personnel  necessary  to  support  two  MTWs  could  be  re- 
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serve  personnel  who  would  be  called  as  needed.  This  would  elimi¬ 
nate  active-duty  personnel  deployment  requirements.  A  drawback  is 
that  all  personnel  turbulence  induced  by  unpredictable  deployment 
would  be  placed  on  reserve  personnel. 

Regardless  of  the  manning  options,  however,  we  see  that  all  of  the 
consolidated  options  eliminate  the  deployment  of  avionics  interme¬ 
diate  maintenance  personnel  for  most  contingencies,  and  of  course 
the  decentralized-no- deployment  option  completely  eliminates  per¬ 
sonnel  deployments.  The  question  then  becomes  how  important 
this  benefit  would  be.  To  answer  that,  we  need  to  examine  the  effect 
this  might  have  on  the  retention  of  avionics  intermediate  mainte¬ 
nance  personnel. 

RAND  researchers  James  Hosek  and  Mark  Totten  recently  completed 
a  study  for  the  DoD  in  which  they  estimated  the  effects  of  long 
(greater  than  30  days  away  from  home)  and  hostile-location 
(regardless  of  length)  deployments  on  the  reenlistment  rates  of  first- 
term  and  early-career  personnel.9  Their  theory  posits  that  each  per¬ 
son  who  enters  the  service  has  his  or  her  own  preferred  level  of 
deployment  frequency,  intensity,  duration,  and  risk  profile.  Their 
preferred  profile  is  the  one  that  they  believe  will  maximize  their  satis¬ 
faction,  or  utility,  with  their  job  in  the  military.  When  they  choose  a 
service  and  occupation,  among  other  factors,  they  will  thus  attempt 
to  choose  a  deployment  profile  as  close  as  possible  to  their  preferred 
profile  in  order  to  maximize  their  total  utility. 

During  their  tour  of  duty,  these  personnel  will  experience  an  actual 
level  of  deployment  that,  if  different  from  their  expectations,  will 
modify  their  beliefs  about  the  deployments  they  should  expect  if  they 
remain  in  the  service.  This  actualization  will  also  show  them  what 
deployments  are  really  like,  which  may  change  their  utility  maximiz¬ 
ing  deployment  profile.  These  changes  will  in  turn  affect  their  ex¬ 
pected  satisfaction  from  reenlisting  and  may  thus  influence  the 
reenlistment  decision. 


9The  research  is  described  in  detail  in  Hosek  and  Totten  (1998).  “Early  career”  is  de¬ 
fined  as  the  period  after  the  first  term  and  up  to  the  tenth  year  of  service.  For  the  most 
part,  early  career  covers  the  second  reenlistment  decision.  For  some  personnel,  how¬ 
ever,  early  career  will  include  a  third  reenlistment  decision. 
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Hence,  what  we  need  to  try  to  judge  are  the  deployment  preferences 
of  personnel  in  the  occupation  of  avionics  intermediate  mainte¬ 
nance.  The  personnel  policy  and  structure  option  that  most  closely 
produces  deployment  requirements  reflecting  this  preference  will 
have  the  best  effect  on  retention.  We  can  make  some  inferences 
about  the  preferences  of  avionics  personnel  by  examining  the  de¬ 
ployments  that  have  been  experienced  by  avionics  personnel  and  the 
effects  these  deployments  have  had  on  retention. 

Hosek  and  Totten  added  variables  reflecting  the  utility  of  long  and 
hostile  deployments  to  a  model  estimating  the  probability  of 
reenlistment,  and  they  then  examined  the  implications  of  long  and 
hostile  deployments  on  reenlistment  for  first-term  and  early-career 
personnel  for  each  of  the  services.  In  general,  they  found  that  some 
deployment  actually  increases  reenlistment  rates.  This  seems  con¬ 
sistent  with  the  belief  that  those  who  enter  the  service  seek  a  certain 
degree  of  adventure  that  deployment  provides.  However,  increasing 
the  length  and  frequency  of  deployment  was  found  to  reduce  this 
effect — suggesting  that,  in  essence,  there  can  be  “too  much  of  a  good 
thing.”  Experiencing  one  or  more  episodes  of  hostile  deployment 
also  reduced  the  positive  effect  on  reenlistment  probability. 

The  findings  for  the  Air  Force  alone,  however,  were  somewhat  differ¬ 
ent.  In  this  case,  having  at  least  one  long  or  hostile  deployment 
slightly  decreased  the  enlistment  probability  of  Air  Force  first-term¬ 
ers  by  about  1  percent  with  deployment  being  a  positive  factor  for 
only  44  percent  of  personnel.10  This  suggests  that  recent  deploy¬ 
ment  levels  have,  on  average,  come  close  to  meeting  preferences  for 
those  who  enlisted.  However,  early-career  personnel  with  at  least 
one  long  or  hostile  deployment,  were  10  percent  more  likely  to  reen¬ 
list  than  those  with  none,  and  deployment  was  shown  to  be  a  posi¬ 
tive  factor  for  99  percent  of  this  group — results  that  are  both  similar 
to  those  of  the  DoD  as  a  whole.  This  suggests  that  those  who  reen¬ 
listed  after  the  first  term  tended  to  be  those  who  desired  some  degree 
of  deployment.  Unlike  the  general  results,  however,  adding  an 
episode  of  long  or  hostile  deployment  to  those  in  either  Air  Force 
group  who  had  already  had  at  least  one  deployment  did  not  change 


10For  the  Army  and  Marine  Corps  this  figure  is  90  percent,  suggesting  that  they  attract 
many  more  people  who  desire  deployments. 
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reenlistment  probability.  For  those  with  at  least  one  episode  of  long 
or  hostile  deployment,  reenlistment  probability  was  found  to  be 
lower  if  at  least  one  episode  was  hostile — although  for  early-career 
personnel,  it  was  still  higher  than  if  they  had  had  no  episodes  of  long 
or  hostile  deployment.  So  while  early  careerists  tend  to  desire  at 
least  some  deployment,  as  a  group  they  would  prefer  that  it  be  of  a 
nonhostile  nature. 

What  does  this  mean  for  the  policy  options  considered  in  this  analy¬ 
sis?  It  suggests  that  the  options  that  reduce  deployment  require¬ 
ments  will  not  do  much  to  affect  the  retention  rates  of  first- term  en¬ 
listees  and  may  even  reduce  the  reenlistment  rates  of  early  careerists. 
This  is  difficult  to  judge,  however,  because  reducing  deployments  in 
the  first  term  could  result  in  a  different  set  of  personnel  who  choose 
to  reenlist,  and  this,  in  turn,  would  produce  a  potentially  different  re¬ 
action  to  deployments  on  the  part  of  early  careerists.  However,  hos¬ 
tile  deployments  are  consistently  less  frequently  preferred  than  long, 
nonhostile  deployments.  So  to  the  extent  that  personnel  continue  to 
deploy  but  do  so  to  FSLs  in  safe  locations  rather  than  to  FOLs  in  hos¬ 
tile  areas,  deployment  should  have  a  neutral  to  positive  effect  on  re¬ 
tention. 

From  a  personnel  retention  standpoint,  this  analysis  would  seem¬ 
ingly  favor  an  option  in  which  avionics  personnel  do  deploy,  but  in 
which  deployment  is  to  nonhostile  areas.  This  fits  well  with  the  FSL- 
inclusive  options.  It  also  suggests  that  if  they  are  used,  FSLs  should 
be  manned  only  at  the  minimum  required  peacetime  level  for  each 
region — a  level  insufficient  to  accommodate  small-scale  AEFs.  In  the 
event  of  AEFs,  a  contingent  from  the  CSL  could  then  augment  the 
appropriate  FSL.  With  all  those  potentially  deploying  at  the  same 
CONUS  location,  this  would  further  the  EAF  aim  of  leveling  the  de¬ 
ployment  burden  as  evenly  as  possible  among  units  and  personnel. 

The  results  for  Navy  and  Marine  personnel  provide  some  insights 
into  the  potential  effects  of  the  EAF's  scheduled  deployments  on  re¬ 
tention.  Both  of  these  services  carefully  plan  their  long  deployments, 
and  both — especially  the  Navy — have  been  able  to  limit  hostile  de¬ 
ployments  primarily  to  their  scheduled  periods  of  deployment.  The 
retention  analyses  for  these  services  suggest  that  this  careful 
scheduling  allows  people  to  form  more  accurate  expectations  about 
deployments,  which  increases  the  likelihood  that  their  expectations 
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will  align  with  actual  outcomes.  Put  another  way,  under  these  con¬ 
ditions  expectations  are  more  likely  to  be  fulfilled  and  there  will  be 
fewer  adverse  outcomes  because  the  service  member  has  experi¬ 
enced  either  too  much  or  too  little  deployment.  In  effect,  people 
know  what  they  are  signing  up  for,  at  least  in  terms  of  deployments — 
which  helps  the  Navy  and  the  Marines  attract  people  who  want  the 
kind  of  experience  they  offer. 

Hosek  and  Totten  recognize  that  the  increased  workload  that  those 
remaining  at  home  during  deployments  often  experience  may  also 
affect  retention.  To  date,  however,  metrics  to  measure  the  effect  of 
this  workload  have  not  been  developed,  so  the  extent  to  which 
reducing  deployments  improves  the  lives  of  those  remaining  at 
home  and  the  effect  this  has  on  retention  are  unknown. 

As  mentioned  at  the  beginning  of  the  chapter,  an  alternative  to  im¬ 
proved  personnel  retention  would  be  to  find  alternative  sources  of 
personnel.  The  adoption  of  any  structure  that  eliminates  deploy¬ 
ments  to  FOLs  would  increase  the  Air  Force's  flexibility  in  this  regard. 
Should  the  Air  Force  decide  to  seek  other  sources  of  maintenance 
personnel,  we  note  that  eliminating  deployments  or  keeping  them 
limited  to  FSLs  would  enable  the  use  of  contractors,  government- 
employed  civilians,  or  allied  partnerships. 

MINIMIZE  DEPLOYMENT  FOOTPRINT 

The  Air  Force  is  working  to  understand  the  forces  and  deployment 
times  needed  to  win  the  “halt  phases"  in  future  MTWs.  One  key  ele¬ 
ment  in  halt-phase  operational  success  lies  in  using  early  airlift  to 
carry  combat  forces  to  theater.  This  places  a  premium  on  reducing 
deployment  footprint. 

With  the  current  AIS,  consolidation  reduces  initial  airlift  require¬ 
ments  by  18  to  60  C-141  load- equivalents  for  an  MTW  (see  Table  5.1). 
The  range  comes  from  packing  options.  If  the  AIS  is  transported  in 
portable  shelters,  then  it  would  take  six  C-141s  to  support  each  F-15 
squadron  with  the  current  testers.  If  the  testers  were  packed  in 
crates  and  the  shelters  left  behind,  an  AIS  for  one  squadron  would 
require  only  1.8  C-141s.  However,  units  need  portable  shelters  to 
provide  a  clean  working  environment  if  proper  facilities  are  unavail¬ 
able,  as  is  often  the  case  at  FOLs. 
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Table  5.1 

AIS  Deployment  Footprint 
(Reduction  in  C-141  equivalents  required  for  AIS 
deployment  current  policy  versus  no  deployment) 


One-Squadron 

One  MTW 

AEF 

Current  AIS 

18-60 

2-6 

ESTS  configuration 

4-12 

1-2 

NOTE:  Ranges  reflect  whether  or  not  AIS  deploys  with 
shelters.  Left  number:  deployment  without  shelters 
(testers  only).  Right  number:  deployment  with  shelters. 


While  consolidation  with  the  ESTS  configuration  would  also  reduce 
up-front  airlift  requirements,  as  shown  in  Table  5.1,  the  reduction  is 
much  less  because  the  ESTS  footprint  for  each  tester  is  only  one-fifth 
that  of  what  it  is  for  the  current  testers,  and  each  ESTS  replaces  up  to 
five  testers.  Much  of  the  airlift  requirement  for  the  ESTS  configura¬ 
tion  is  actually  for  the  TISS  and  antenna  test  stations.  This  again  il¬ 
lustrates  that  there  are  often  alternate  means  of  reaching  objectives. 
Both  policy  and  technology  alternatives  can  reduce  the  deployment 
footprint. 

In  exchange  for  reducing  up-front  airlift,  options  relying  on  resupply 
need  guaranteed  daily  transportation  to  move  spare  parts.  However, 
the  total  MTW  requirement  averages  less  than  one  pallet  and  only 
about  1000  pounds  per  day.  This  sustainment  requirement  might 
even  be  offset  by  a  reduction  in  the  required  resupply  of  other  items 
to  the  FOL.  When  people  deploy  to  an  FOL,  they  must  be  supported 
with  food,  water,  fuel  to  run  their  vehicles,  and  other  basic  necessi¬ 
ties.  If  the  FOL  is  in  a  developed  area,  this  materiel  might  be 
available  locally.  However,  some  austere  locations  might  require 
that  this  materiel  be  brought  in  on  a  continual  basis. 

MINIMIZE  OPERATIONAL  RISKS 
Resupply  Risk 

If  the  actual  resupply  times  (through  either  local  maintenance  or 
nonlocal  maintenance  and  transportation)  do  not  meet  the  perfor- 
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mance  assumptions  used  to  set  spare-parts  levels,  then  aircraft  avail¬ 
ability  is  likely  to  drop  below  operational  goals. 

Flightline  Reliance  on  Local  Maintenance  Resupply  in 
Decentralization 

In  a  decentralized  structure,  the  greatest  performance  risk  is  tester 
downtime,  because  local  maintenance  provides  the  bulk  of  resupply 
to  the  flightline.  The  fewer  the  number  of  collocated  strings  in  a  lo¬ 
cation,  the  greater  the  probability  that  none  will  be  available  and  the 
greater  the  variability  in  downtime.  This  leads  to  increased  mainte¬ 
nance  queues  and  hence  to  lower  aircraft  mission  capability  rates. 

Figure  5.9  illustrates  the  risk  associated  with  maintenance  in  a  de¬ 
centralized  structure,  especially  when  one  tester  string  deploys  in 
support  of  one  squadron.  Each  of  the  two  series  represents  six 
months  of  tester  availability  for  one  LRU  for  two  different  tester  types 
(i.e.,  LRU  A  on  the  METS  and  LRU  B  on  the  computer  test  station)  at 
Lakenheath.  Lakenheath  has  three  of  one  of  the  tester  types  and  only 
one  of  the  other.  The  reliability  for  both  LRU- tester  combinations  is 
approximately  85  percent.  The  light  triangles  in  Figure  5.9  are  an  ex¬ 
ample  of  the  one-tester  case  and  the  dark  diamonds  represent  the 
three-tester  case.  The  y-axis  represents  the  number  of  hours  avail¬ 
able  each  day  per  tester.  The  smoother  this  number,  the  smoother 
the  daily  supply  of  tester  time  and  the  more  certainty  a  shop  has  in 
planning  and  executing  maintenance. 

In  the  one -tester  case,  the  tester  is  either  up  or  down,  signifying  that 
either  24  hours  or  no  hours  are  available.  Moreover,  the  downtime  in 
this  sample  comes  in  stretches  as  long  as  ten  straight  days  and,  in  the 
event  of  a  difficult  tester  repair  with  hard-to-get  parts,  can  exceed  a 
month.  If  this  happened  during  an  AEF  deployment,  no  repair  could 
occur  for  the  affected  LRUs,  and  thus  no  resupply  would  take  place 
without  special  intervention  such  as  emergency  setup  of  a  distribu¬ 
tion  channel  to  the  FOL.  We  term  this  single- string  risk. 

In  the  three-tester  case,  there  were  no  days  with  zero  hours  available 
and  only  two  days  with  two  testers  down.  Nearly  all  days  had  two  or 
three  testers  up.  In  effect,  having  three  testers  with  a  low  level  of  re¬ 
liability  is  like  having  two  testers  with  very  high  reliability.  The  AIS 
can  count  on  having  at  least  two  testers  available  almost  every  day. 
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Uptime  for  one  LRU 


Day  (weekdays  only) 


Figure  5.  9 — Maintenance  Single-String  Risk 


In  Consolidated  Systems  and  the  Decentralized-No- 
Deployment  Structure,  Resupply  Depends  on 
Establishment  of  a  Theater  Distribution  System 

Whereas  the  risk  resulting  from  maintenance  downtime  in  a  decen¬ 
tralized  structure  is  generally  associated  with  resupply  problems  for 
a  small  set  of  LRUs  (the  set  of  LRUs  tested  or  testers  that  experience 
lengthy  downtime  periods),  problems  associated  with  resupply  from 
other  locations  are  likely  to  affect  all  LRUs.  Such  problems  would 
most  likely  manifest  themselves  as  small  across-the-board  delays 
rather  than  no  supply  at  all  for  a  small  set  of  LRUs. 

The  total  daily  MTW  resupply  requirement  for  a  consolidated  system 
is  relatively  low,  representing  only  a  small  fraction  of  a  C-130  load, 
but  it  is  essential  for  the  system  to  meet  operational  requirements. 
The  graph  in  Figure  5.10  shows  an  example  of  what  could  happen  if 
resupply  planning  time  were  not  achieved.  Consider  a  scenario  in 
which  the  Air  Force  plans  an  RSP  for  a  12-PAA  package  with  a  DSO  of 
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Figure  5.10 — Distribution  System  Resupply  Risk 

75  percent  on  day  seven  based  on  a  resupply  time  of  seven  days.  The 
top  light  line  in  Figure  5.10  is  the  expected  mission-capability  rate  of 
a  12-PAA  AEF  deployment  over  30  days.  From  a  low  of  75  percent  at 
day  seven,  the  end  of  the  period  when  the  AEF  is  relying  solely  on  the 
RSP,  availability  increases  to  80  percent  on  day  30. 

At  the  same  time,  the  bottom,  darker  line  in  Figure  5.10  shows  what 
could  happen  if  a  delay  in  establishing  a  theater  distribution  system 
in  a  new  area  of  operations — in  this  case  just  three  days — were  to  oc¬ 
cur.  Through  day  seven  the  picture  looks  the  same,  because  in  both 
cases  the  aircraft  are  relying  on  the  RSP  only.  However,  if  system 
planning  is  based  on  resupply  beginning  on  day  seven  and  it  does 
not  arrive  until  day  ten,  then  availability  will  continue  to  decline  to  a 
low  of  65  percent  on  day  ten  as  the  RSP  “unexpectedly”  begins  to  run 
out  of  some  needed  LRUs  after  seven  days.  The  gap  between 
planned  daily  availability  and  actual  availability  will  gradually  close, 
but  even  by  day  30,  the  availability  will  be  up  to  only  75  percent— still 
5  percent  below  what  it  would  be  with  a  resupply  time  of  seven  days. 
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If  actual  resupply  time  were  to  lengthen  even  more,  aircraft  avail¬ 
ability  would  further  deteriorate. 

Potential  Delays  in  Establishing  “Resupply”  Also  Pose  Risk  in 
the  Decentralized-Deployment  Structure 

The  decentralized-deployment  structure  assumes  that  testers  will 
deploy  and  be  operational  by  the  third  day  of  F-15  flying  operations 
from  the  FOL.  Any  delay  in  establishing  “resupply”  through  local  re¬ 
pair  is  akin  to  a  delay  in  establishing  a  theater  distribution  system  for 
the  consolidated  options  and  thus  yields  results  similar  to  those  in 
Figure  5.10.  For  example,  if  it  took  six  days  to  bring  all  of  the  testers 
on  line,  availability  would  drop  about  10  percent  below  the  expected 
level. 

Inventory  Risk 

For  a  variety  of  reasons  (all  beyond  the  scope  of  this  report  but  cur¬ 
rently  being  worked  intensively  by  AFMC  and  the  Air  Staff),  there 
have  been  times  when  the  AFWCF  has  not  fully  recovered  its  costs 
and  therefore  the  repairs  and  procurements  required  to  maintain 
serviceable  inventory  levels  have  not  been  funded.  This  can  leave 
RSPs  short  of  required  serviceable  stocks,  since  RSP  authorizations 
represent  what  should  be  on  hand.  For  POS,  the  impact  is  more  dif¬ 
ficult  to  determine,  since  the  authorized  POS  position  includes  ser¬ 
viceable  inventory,  in-transit  assets  (both  serviceable  and  unservice¬ 
able),  and  assets  due  in  from  maintenance,  whether  on  base  or  at  a 
depot.  If  the  sum  of  these  assets  is  less  than  the  authorization,  then 
there  could  be  an  unfunded  shortfall.  This  would  be  the  case  if  un¬ 
serviceable  assets  were  not  inducted  into  maintenance  for  purely  fi¬ 
nancial  reasons  (as  opposed  to  repair  capacity  or  other  reasons)  or  if 
required  procurements  were  not  placed. 

Even  in  today's  decentralized  structure,  any  shortfalls  in  required 
RSP  levels  on  deployment  pose  a  risk  to  the  Air  Force.  As  the  gap 
between  requirements  and  on-hand  inventory  increases,  the  number 
of  demands  that  cannot  be  immediately  satisfied  during  a  deploy¬ 
ment  is  likely  to  increase,  resulting  in  lower  aircraft  availability. 
Without  local  repair  in  the  consolidated  structures,  aircraft  availabil- 
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ity  relies  solely  on  local  inventory  and  resupply,  thereby  magnifying 
the  risk  posed  by  any  RSP  shortfalls. 

POS  shortfalls  also  pose  a  risk,  but  in  a  different  form.  POS  gaps  have 
an  effect  to  the  extent  that  aircraft  are  not  mission  capable  at  the 
time  of  a  deployment  order  because  they  have  been  waiting  for  parts 
that  should  have  been  repaired  or  procured  but  were  not.  This,  how¬ 
ever,  would  create  a  problem  only  when  the  number  of  available  air¬ 
craft  is  less  than  the  deployment  requirement. 

ENHANCE  FLEXIBILITY 

Over  the  last  several  years,  Lakenheath  has  provided  FSL-like  sup¬ 
port  both  to  AEFs  in  SWA  and  for  its  own  aircraft  deployments. 

The  period  of  October  1998  to  June  1999,  which  covers  ONA,  pro¬ 
vides  an  interesting  view  of  FSLs.  During  this  period  there  were 
seven  movements  of  Lakenheath  F-15  squadrons  or  portions  thereof, 
as  depicted  in  Figure  5.11.  Typically  (doctrinally),  these  would  have 
required  an  avionics  test- string  move  to  accompany  each  deploy¬ 
ment.  Since  all  of  the  units  were  supported  from  the  Lakenheath 
FSL,  however,  no  support  equipment  moved — saving  440  pallets  or 
about  34  C-141s.n  This  "freedom  of  movement”  created  a  "flexible” 
wing  that  made  it  easier  for  the  Air  Force  to  move  F-15s  around  Eu¬ 
rope  and  SWA  as  the  dynamic  political  situation  changed.  It  thus 
seems  that  use  of  consolidated  regional  repair  increases  the  Air 
Force’s  ability  to  continuously  adjust  the  position  of  forces  to  meet 
the  needs  of  a  dynamic  environment. 

In  some  situations,  however,  consolidated  regional  repair  that  does 
not  deploy  may  actually  limit  flexibility  or  at  least  require  backup 
deployment  plans.  Essentially,  an  FSL  must  have  access  to  com¬ 
mercial  transportation  to  its  supported  FOLs  or  be  within  C-130 
range  (refueled  range  or  accessible  through  an  en-route  stop)  of  sup¬ 
ported  FOLs.  Thus,  while  FSLs  in  USAFE  and  PACAF  would  allow  the 
Air  Force  to  effectively  cover  a  large  portion  of  the  world,  parts  of 
Southern  Africa  and  Central  Asia  might  be  difficult  to  support.  If 


1  lrThe  FSL  was  called  a  Centralized  Intermediate  Repair  Facility  (CIRF)  by  Lakenheath 
and  USAFE. 


Figure  5*1 1 — Lakenheath  F-15  Unit  Movement  from  October  1998  to 

March  1999 


most  of  the  key  areas  of  concern  for  potential  F-15  employment  are 
within  the  support  range  of  FSLs,  this  is  a  minor  issue  that  can  be 
handled  by  setting  up  contingency  plans  to  deploy  part  or  all  the  FSL 
in  the  event  of  the  need  for  F-15s  in  other  areas. 

SPIN-UP  TIME 

By  design,  each  of  the  structures  removes  the  AIS  from  the  critical 
path  for  commencing  operations  in  a  deployment.  The  decentral- 
ized-deployment  structure  is  designed  to  provide  sufficient  inventory 
of  RRR  LRUs  to  sustain  aircraft  until  the  AIS  is  operational,  as  well  as 
enough  RR  LRUs  and  SRUs  to  meet  demand  over  the  first  30  days. 
The  consolidated  structures  and  the  decentralized-no-deployment 
structure  assume  that  the  distribution  system  between  support 
locations  and  FOLs  will  be  operational  from  the  start  of  a  conflict. 
Therefore,  there  is  no  spin-up  time  difference  between  the  options. 
Potential  failure  to  meet  these  assumptions  is  addressed  in  the  risk 
discussion  above. 


Chapter  Six 

ADDITIONAL  OPPORTUNITIES  TO 
IMPROVE  LOGISTICS  SYSTEMS  WITH 
CONSOLIDATED  STRUCTURES 


To  this  point,  our  analysis  has  assumed  that  processes  and  process 
assumptions  would  remain  constant  for  all  repair  options.  With  the 
consolidated  options,  however,  processes  can  be  redesigned  to  either 
enhance  capability  or  reduce  the  estimated  resource  requirements 
while  maintaining  performance. 

INCREASED  TESTER  UPTIME  AND  AIS  THROUGHPUT 

In  computing  the  number  of  testers  required  for  each  support  op¬ 
tion,  we  held  tester  uptime  constant.  It  is  likely,  however,  that  con¬ 
solidated  shops  can  achieve  higher  average  uptimes  and  better 
throughput. 

First,  having  several  test  stations  of  the  same  type  would  allow  the 
AIS  to  dedicate  some  testers  to  high-demand  LRUs,  which  would  re¬ 
duce  setups.  Reducing  setups  decreases  total  repair  time  by  the 
amount  of  time  it  takes  to  change  from  one  setup  to  another.  Setups 
are  also  a  major  cause  of  test  station  failures,  so  reducing  setups 
should  also  increase  tester  uptime. 

Concentrating  testers  in  fewer  locations  would  ease  the  burden  of 
providing  tester  spare  parts.  Consolidating  the  spare-parts  inventory 
now  distributed  across  ten  home-base  operating  locations  would  in¬ 
crease  tester  spare-parts  stocks  at  centralized  locations  without  any 
investment,  thus  improving  potential  inventory  effectiveness.  If  a 
shop  still  found  itself  short  of  tester  spare  parts,  having  more  collo- 
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cated  testers  of  the  same  type  would  increase  the  opportunity  for 
tester  cannibalization.  The  shop  would  be  able  to  leverage  a  “can” 
tester  to  keep  multiple  testers  going  rather  than  just  one  or  two. 
Thus,  regardless  of  the  number  of  collocated  testers,  a  shop  should 
be  able  to  limit  the  number  of  testers  down  for  the  same  LRU  to  one 
or  two,  whether  the  shop  has  three  testers  or  six.  Finally,  consolidat¬ 
ing  tester  assets  would  also  consolidate  tester  maintenance  person¬ 
nel.  Each  location  would  then  have  more  experienced  and  skilled 
technicians  available  for  troubleshooting  and  for  providing  on-the- 
job  training  of  other  personnel. 

The  excess  testers  in  the  consolidated  options  also  offer  spare-parts 
protection  through  spare  testers.  Even  after  setting  up  the  maximum 
number  of  testers  in  each  FSL  and  CSL,  a  small  number  of  excess 
testers  would  remain.  In  the  TISS  crew  and  equipment-positioning 
example  discussed  earlier,  for  example,  worldwide  inventory  is  25 — 
two  greater  than  the  total  system  need  of  23.  FSLs  could  use  these  as 
spare  testers  in  wartime  (they  are  unlikely  to  be  necessary  in  peace¬ 
time  because  tester  capacity  is  at  about  150  percent  of  peacetime 
demand). 

Besides  increasing  effective  capacity  through  better  tester  uptime 
and  reduced  setup  time,  consolidation  may  decrease  actual  repair 
time.  Keeping  testers  and  people  together  in  one  location  can  im¬ 
prove  troubleshooting  of  LRUs  by  allowing  for  the  comparison  of  re¬ 
sults  across  stations  when  diagnostics  results  are  not  clear,  as  well  as 
by  pooling  technical  expertise.  Improving  troubleshooting  should 
lead  to  a  higher  first- time  repair  success  rate.  Similarly,  centrally  lo¬ 
cated  LRUs  that  are  unserviceable  and  awaiting  maintenance  or 
parts  provide  greater  cross-cannibalization  opportunity,  which  could 
reduce  average  AWP  time  in  the  AIS. 

REDUCING  MAINTENANCE  WAIT  TIME 

When  personnel  and  tester  levels  for  a  shop  and  given  test  station 
type  are  set,  a  tradeoff  is  made  between  capacity  utilization  and  total 
in-shop  time  that  includes  both  queue  time  and  repair  time.  Cur¬ 
rently,  Air  Force  spare-parts  calculations  are  based  on  an  average 
base  repair  time  of  four  days.  Because  the  actual  repair  time  for  an 
LRU  averages  approximately  one  shift,  much  of  the  in-shop  time 
must  be  spent  waiting  for  repair.  In  effect,  the  maintenance  system 
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pursues  high-capacity  utilization  (over  90  percent)  in  order  to  reduce 
maintenance  resource  costs.  But  this  has  a  cost  in  terms  of  increas¬ 
ing  the  length  of  the  spare-parts  pipeline. 

Under  the  current  decentralized  system,  such  capacity  planning  is 
rational  because  it  would  take  a  significant  increase  in  capacity  per 
location  (with  the  resulting  drop  in  capacity  utilization)  to  dramati¬ 
cally  reduce  queue  times.  As  the  number  of  collocated  testers  of  the 
same  type  increases,  however,  the  effect  of  high-capacity  utilization 
on  queue  time  decreases.  In  the  tester  quantity  estimates  presented 
earlier,  we  held  the  queue  time  constant  for  a  total  base  repair  cycle 
time  of  four  days.  In  the  consolidated  options,  it  is  possible  to  in¬ 
crease  capacity  just  slightly  (decreasing  capacity  utilization)  and 
achieve  a  significant  reduction  in  total  repair  time. 

Figure  6.1  illustrates  the  consolidation  effect  of  “load”  smoothing 
and  helps  explain  why  consolidation  makes  a  tradeoff  between  ca¬ 
pacity  and  queue  time  advantageous.  When  servers  in  a  queuing 
system  are  collocated — as  when  testers  are  consolidated  at  an  FSL — 
demand  is  smoothed  across  the  servers.  Thus,  collocated  servers  can 
handle  demand  more  effectively  than  the  same  number  of  servers 
operating  independently.  The  demand  represented  in  this  figure  is 
that  of  five  squadrons  for  LRUs  on  a  given  tester  type.  The  right- 
hand  bars  of  each  pair  represent  decentralized  maintenance  in 
which  independent  shops  support  each  squadron.  The  left-hand 
bars  represent  consolidation  of  the  five  testers  in  one  FSL  to  support 
all  five  squadrons.  Starting  from  an  empty  system  at  day  one,  de¬ 
mand  variability  results  on  day  ten  in  an  expected  maintenance 
backlog  in  the  decentralized  system  that  is  more  than  double  the  ex¬ 
pected  backlog  of  the  consolidated  system  (with  tester  availability 
and  repair  time  treated  as  constants).  While  both  systems  have  the 
same  total  capacity  at  a  level  nominally  sufficient  to  handle  total  de¬ 
mand,  demand  variability  produces  backlogs.  Adding  in  variability 
due  to  repair  time  and  tester  uptime  would  further  increase  backlog 
differences  between  the  two  systems. 

In  computing  tester  and  personnel  requirements,  we  set  the  backlogs 
(in  effect,  the  queue  time)  to  be  equal  for  all  repair  structure  options. 
This  means  that  the  two  sets  of  bars  on  this  chart  would  on  average 
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Figure  6.1 — The  Consolidation  Effect  of  Load  Smoothing 


be  equal  in  height.  To  achieve  equality,  one  must  either  increase  the 
number  of  testers  at  each  decentralized  location  or  decrease  the 
number  of  testers  in  the  consolidated  locations. 

What  would  it  take  to  reduce  the  size  of  the  spare-parts  pipeline  by 
decreasing  maintenance  queue  time?  In  Figure  6.1,  adding  one  test 
station  to  the  consolidated  option  would  result  in  zero  backlog  at  day 
ten.  Achieving  the  same  result  in  the  decentralized  case  would  re¬ 
quire  a  doubling  of  the  number  of  testers  to  ten.  Adding  capacity  to 
reduce  the  wait  time  in  a  decentralized  system  with  variable  demand 
can  be  prohibitively  expensive. 

Figure  6.2  shows  the  results  of  increasing  capacity  to  reduce  queue 
time  for  different  support  structures.  The  left  bars  of  each  set  repre¬ 
sent  the  additional  testers  and  personnel  needed  to  reduce  the  base 
repair  cycle  time  to  about  one  day.  The  middle  bar  is  the  resulting 
decrease  in  inventory  costs,  and  the  right  bar  is  the  total  change  in 
cost.  As  consolidation  increases,  the  costs  to  reach  the  desired  ca¬ 
pacity  decline  and  inventory  savings  climb  rapidly. 
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Figure  6.2 — Reducing  Spare  Parts  by  Increasing  Maintenance  Capacity 


The  inventory  decrease  for  the  decentralized  case  is  extremely  small 
because  we  treat  current  inventory  as  a  sunk  cost,  whereas  the  sav¬ 
ings  for  the  consolidated  cases  come  from  reductions  in  the  additive 
buy  and  repair  requirements.  As  in  the  decentralized  case,  the 
shorter  existing  pipelines,  the  smaller  the  potential  savings  from  re¬ 
ducing  pipeline  length,  because  operating  and  safety  stocks  are 
smaller. 

REDUCING  OSTs 

There  may  also  be  opportunity  in  the  consolidated  structures  to  re¬ 
duce  the  pipeline  by  improving  the  retrograde  and  shipment  times 
between  FOLs  and  FSLs.  These  pipeline  times  are  probably  easier  to 
reduce  than  those  between  bases  and  depots,  because  a  new  system 
would  be  less  constrained  by  existing  systems,  procedures,  and 
structures.  The  Air  Force  could  design  a  new  retrograde  and  order- 
delivery  system  from  the  ground  up.  Communication  could  be  point 
to  point  from  operating  locations  to  repair  activities  through  the 
Internet,  and  delivery  could  be  made  right  into  shops  collocated  with 
small  avionics  warehouses.  Together  with  simplified  warehouse 
management,  these  possibilities  should  enable  reductions  in  order 
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processing  and  receipt  take-up  times  compared  to  the  depot  system. 
This  is  akin  to  the  opportunities  manufacturers  often  gain  when  they 
build  greenfield  sites  rather  than  overhauling  existing  facilities:  They 
find  it  easier  to  implement  new  ideas  from  the  start  of  an  operation 
than  to  modify  existing  processes. 

Further,  it  would  become  the  responsibility  of  the  FSLs  and  FOLs  to 
manage  retrograde  and  delivery  times.  This  would  remove  the  barri¬ 
ers  of  “functional  silos”  from  resupply  and  create  single-point  own¬ 
ership  of  the  maintenance  process — a  process  that  would  include  re¬ 
supply  to  FOLs.  Consequently,  it  may  be  more  appropriate  to  com¬ 
pare  the  decentralized  systems  using  baseline  resupply  times  with 
consolidated  systems  using  fast  rather  than  baseline  times.  Unless 
the  depot  system  and  the  multiechelon  information  processing  re¬ 
quirements  were  to  be  revamped,  the  consolidated  systems  should 
be  able  to  achieve  faster  resupply  times  than  those  for  comparable 
decentralized  resupply  segments. 

Lakenheath’s  transportation  success  during  ONA  provides  support 
for  the  potential  ability  of  FSLs  to  set  up  and  manage  a  highly  effec¬ 
tive  distribution  system.  Basing  its  action  on  prior  experience  with 
FSL  support,  Lakenheath  went  to  great  lengths  to  plan  distribution  to 
FOLs  for  a  potential  conflict  such  as  ONA.  In  addition,  the  supply 
and  transportation  staffs  directly  managed  distribution  planning  and 
execution.  As  a  result,  they  were  able  to  achieve  OSTs  for  Mission 
Impaired  Capability,  Awaiting  Parts  (MICAP)  requisitions  from  the 
FSL  to  FOLs  at  Aviano  and  Cervia,  Italy,  under  the  three- day  faster 
time  used  in  this  analysis.  The  mean  was  just  2.3  days  and  the  me¬ 
dian  2.1,  and  95  percent  of  shipments  arrived  within  2.8  days.  Total 
OSTs  for  non-MICAPs  were  not  available;  however,  transportation 
and  receipt  takeup  times  for  all  priorities  from  Lakenheath  to  the 
FOLs  averaged  less  than  2.5  days.  Thus,  the  OSTs  for  these  ship¬ 
ments  were  likely  to  have  been  at  least  in  the  fast  range  of  five  days 
(giving  0.5  day  each  for  order  processing  and  materiel  release  and  1.5 
days  for  pick-pack  and  move  from  base  supply  to  base  transporta¬ 
tion)  . 

SHARING  RESOURCES  IN  THE  SYSTEM  OF  THE  FUTURE 

When  a  broader  view  is  taken  of  the  future,  the  transportation  por¬ 
tions  of  the  FOL/FSL  and  home-base/CSL  segments  may  offer  scale 
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advantages.  If  consolidated  repair  of  avionics  occurs  as  part  of  a 
broader  system  of  consolidated  maintenance — e.g.,  including  en¬ 
gines — then  the  various  maintenance  systems  could  share  trans¬ 
portation  resources.  From  an  avionics  standpoint,  the  low  weight 
and  cube  requirements  could  drive  the  actual  marginal  cost  virtually 
to  zero  if  consolidation  were  to  be  widely  adopted.  For  example, 
consolidated  engine  or  LANTIRN  (Low  Altitude  Navigating  and  Tar¬ 
geting  Infrared  Night)  repair  could  require  military  airlift  that  a  con¬ 
solidated  avionics  maintenance  system  could  share. 

A  POTENTIAL  STRATEGY  FOR  REDUCING 
MARGINAL  INVENTORY  INVESTMENT  IN 
CONSOLIDATED  STRUCTURES 

The  biggest  cost  driver  in  the  consolidated  options  is  the  increased 
pipeline  length  from  the  flight  line  to  the  first  echelon  of  repair.  In 
decentralized  structures,  this  pipeline  is  the  base  repair  time, 
whereas  for  consolidation  it  includes  shipment  to  and  from  the  FSL 
or  CSL.  However,  many  of  the  parts  in  the  consolidated  structures 
that  require  an  increase  in  total  inventory  are  in  sufficiently  long 
supply  to  allow  for  such  an  increase  at  little  (the  cost  to  repair  unser- 
viceables)  or  no  cost.  A  few  expensive  parts  not  in  long  supply  con¬ 
tribute  the  bulk  of  the  net  cost.  A  part-by-part  analysis  reveals  the 
high  concentration  of  net  procurement  and  repair  costs  among  just  a 
small  number  of  LRUs.  In  fact,  just  ten  LRUs  account  for  about  90 
percent  of  the  net  cost  in  the  four-FSL/one-CSL  option,  and  the 
other  consolidated  options  have  similarly  high  proportions  of  cost 
from  just  a  few  LRUs.  The  four-FSL/one-CSL  list  is  provided  in  Fig¬ 
ure  6.3,  which  provides  the  top  20  avionics  LRUs  ranked  by  net  in¬ 
vestment  cost.  The  first  column  is  the  part  national  stock  number 
(NSN),  the  second  the  net  investment  cost  of  the  NSN,  the  third  the 
cumulative  net  investment  cost,  and  the  fourth  the  cumulative  net 
investment  cost  for  those  LRUs  that  can  be  tested  on  the  ESTS;  the 
fifth  column  provides  the  testers  that  can  test  each  NSN. 

Finding  a  way  to  reduce  the  increased  pipeline  requirement  for  a  few 
of  the  NSNs  that  drive  the  net  cost  while  minimizing  increases  in 
other  costs  could  cut  the  costs  of  the  consolidated  options  while  pre¬ 
serving  their  benefits.  Repairing  some  of  these  NSNs  on  base  during 
peacetime  would  cut  the  increased  inventory  position  requirement 
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while  circumventing  the  need  for  resource  deployment.  This  would 
be  cost-effective  if  the  present  value  of  the  investment  in  additional 
testers  and  the  personnel  costs  required  for  peacetime  home-base 
repair  were  less  than  the  reduction  in  spare-parts  investment.  In  the 
consolidated  options,  however,  there  is  excess  tester  inventory  (and 
excess  planned  inventory  of  ESTS)  that  can  be  leveraged.  First  we 
need  to  examine  which  testers  are  needed  to  repair  the  high-net- cost 
LRUs.  Figure  6.3  reveals  that  nine  of  the  top  20  LRUs,  which  account 
for  more  than  100  percent  of  the  net  cost  (some  LRUs  actually  have  a 
negative  net  cost  in  the  consolidated  options  owing  to  safety  stock 
reductions),  can  be  repaired  using  the  ESTS.  This  includes  three  of 
the  top  four,  which  together  contribute  more  than  50  percent  of  the 
cost.  Thus,  the  extra  ESTS  testers  could  be  used  at  bases  without 
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Cumulative 

Cumulative 

NSN 

Net  Cost 

Cost 

Cost  (ESTS) 

Testers 

5841 01 31 50646FX 

$22,611,775 

$22,611,775 

$22,611,775  ESTS 

Microwave 

660501 24001 36FX 

$18,008,496 

$40,620,272 

$40,620,272  ESTS 

METS 

6610003494184 

$10,284,396 

$  50,904,668 

Computers 

127001 3841 108FX 

$ 

9,582,536 

$  60,497,204 

$50,202,808  ESTS 

Microwave/displays/computers 

599601 3451 134EW 

$ 

5,676,911 

$66,164,115 

TISS 

599601 2428347EW 

$ 

5,635,346 

$71,799,461 

TISS 

5841 01 2348535FX 

$ 

3,982,648 

$75,782,109 

$54,185,456  ESTS 

Microwave 

589501 41 24396EW 

$ 

3,453,022 

$79,235,131 

589501 41 39798EW 

$ 

2,981,904 

$82,217,035 

TISS 

584101 3760002FX 

$ 

2,111,637 

$84,328,672 

$56,297,094  ESTS 

Displays 

598501 277891 3FX 

$ 

2,066,148 

$86,394,820 

EARTS  ANT 

1 27001 2368438FX 

$ 

2,061,052 

$88,455,872 

$58,358,146  ESTS 

Displays 

586501 242891 8EW 

$ 

2,012,312 

$90,468,184 

TISS 

589501 22781 02FX 

$ 

1,947,747 

$92,415,931 

$60,305,892  ESTS 

Microwave/computers 

584101 1007363FX 

$ 

1,700,136 

$94,116,067 

EARTS/ANT 

6610010848224 

$ 

1,632,696 

$95,748,762 

$61,938,588  ESTS 

Displays 

6130012905835EW 

$ 

1,242,593 

$96,991,355 

TISS 

586501 28761 82EW 

$ 

1,210,548 

$98,201,903 

TISS 

599601 0456276EW 

$ 

1,055,392 

$99,257,295 

TISS 

5895011 73601 2EW 

$ 

707,226 

$99,964,521 

$62,645,81 3  ESTS 

Microwave/displays/computers 

1  Total  net  buy  +  repair 

=  $93,918,172  (the  cumulative  cost  begins  to  decrease  as  one  goes  further  1 

|  down  the  list,  because  the  net  cost  for  some  NSNs  is  negative).  | 

Figure  6.3 — Net  LRU  Spare  Costs  (Four-FSL  +  One-CSL)  by  LRU 
(NSN  is  the  national  stock  number  for  a  unique  part) 
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collocated  FSLs  or  CSLs.  To  take  maximum  advantage  of  this,  we  can 
go  down  the  list  of  NSNs  in  Figure  6.3  and  add  LRUs  to  a  local-testing 
list  until  we  reach  the  daily  capacity  of  one  tester.  This  represents 
the  most  cost-effective  one-ESTS  capacity  package  for  peacetime 
home-base  repair.  Then,  as  long  as  the  present  value  of  the  associ¬ 
ated  personnel  cost  is  less  than  the  spare-parts  investment  cost 
“savings,”  this  plan  would  reduce  the  cost  of  consolidated  options. 

Since  there  would  be  five  excess  ESTS  in  the  four-FSL  and  one-CSL 
plan,  an  ESTS  could  be  provided  at  the  five  bases  with  the  most  air¬ 
craft  not  collocated  with  a  repair  facility.  If  the  CSL  were  to  be  at  a 
high-volume  CONUS  base  and  FSLs  were  collocated  with  the  F-15 
bases  in  PACAF  (Kadena)  and  USAFE  (Lakenheath),  then  all  but  Ed¬ 
wards  and  Nellis  AFBs  could  be  covered  (there  are  ten  F-15  loca¬ 
tions),  thus  cutting  net  investment  by  about  $50  million.  Since  the 
testers  would  be  excess  to  requirements,  the  only  incremental  cost 
would  be  people,  which  would  come  to  a  net  present  value  of  $8  mil¬ 
lion  over  eight  years.  This  would  effectively  cut  the  cost  of  the  four- 
FSL/one-CSL  plan  by  about  $40  million  over  eight  years. 


Chapter  Seven 

CONCLUSION 


This  chapter  summarizes  the  key  areas  in  which  the  various  alterna¬ 
tive  structures  affect  the  ability  to  meet  EAF  goals. 

DECENTRALIZED  WITH  AIS  DEPLOYMENT  STRUCTURE 

The  major  advantages  of  the  current  decentralized  structure  in  which 
the  AIS  deploys  to  FOLs  are  low  relative  cost  and  elimination  of  the 
need  to  immediately  establish  an  effective  theater  distribution  sys¬ 
tem  upon  initiation  of  a  contingency  operation  in  a  new  area.  Yet 
another  benefit  is  the  "location  flexibility”  the  structure  provides;  its 
performance  should  be  roughly  the  same  regardless  of  the  remote¬ 
ness  from  current  Air  Force  locations. 

The  risks  and  disadvantages  of  this  option,  however,  prompted  the 
examination  of  alternative  structures  and  have  already  caused  many 
deploying  units  to  informally  modify  their  procedures.  To  meet  op¬ 
erational  objectives,  the  current  structure  requires  not  only  a  large 
number  of  trained  personnel  but  possibly  more  than  the  Air  Force 
currently  has.  As  noted,  our  analysis  model  estimates  the  need  for 
slightly  greater  requirements  for  TISS  and  ESTS  testers  and  associ¬ 
ated  personnel  than  those  included  in  the  current  Air  Force  plan. 
Further,  these  people  may  face  continued,  frequent  deployments  to 
hostile  areas,  which  some  believe  has  contributed  to  retention  prob¬ 
lems  in  the  critical  skill  area  of  avionics  technicians.  While  Hosek 
and  Totten’s  research  concludes  that  some  deployment  may  actually 
have  a  positive  effect  on  reenlistment,  they  also  show  that  too  many 
deployments  may  be  “too  much  of  a  good  thing.”  Their  work  further 
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suggests  that  avoiding  deployments  to  hostile  areas  that  are  some¬ 
times  required  by  this  option  could  improve  retention. 

In  deployments,  the  AIS  would  consume  valuable,  constrained  airlift 
capacity,  which  reduces  the  up-front  lift  available  for  combat  forces. 
Once  deployed,  the  AIS  would  often  consist  of  only  one  set  of  testers, 
because  AEFs  frequently  deploy  in  squadron-sized  or  smaller  ele¬ 
ments.  Resupply  of  LRUs  then  faces  the  single-string  risk.  Since 
spares  planning  assumes  that  the  AIS  will  be  operational  on  day 
three,  having  to  ensure  almost  immediate  operability  of  this  complex 
equipment  poses  additional  risk. 

DECENTRALIZED  WITHOUT  AIS  DEPLOYMENT 
STRUCTURE 

Modifying  the  current  structure  to  eliminate  deployment  of  the  AIS 
would  eliminate  the  deployment-induced  airlift  disadvantage  of  the 
current  decentralized  structure  and  facilitate  dynamic  changes  in 
F-15  beddown  locations.  However,  the  total  elimination  of  person¬ 
nel  deployments  could  actually  have  a  negative  effect  on  personnel 
retention. 

Besides  reducing  deployment  footprint,  eliminating  the  deployment 
of  the  AIS  would  remove  the  single-string  risk  because  most  home 
operating  bases  have  multiple  strings  of  testers  (single-string  risk  is 
primarily  a  single-squadron  or  small  AEF  deployment  problem).  In¬ 
stead,  the  resupply  risk  would  come  from  resupply  through  trans¬ 
portation  from  home  bases  that  would  depend  on  the  establishment 
of  a  theater  distribution  system  for  contingencies  in  new  areas  of  op¬ 
erations.  Home-base  repair  during  contingencies  would  also  in¬ 
crease  the  importance  of  retrograde  transportation,  an  area  that  has 
not  received  emphasis.  Additionally,  retrograde  and  shipping  from 
many  individual  home  bases  to  FOLs  might  stress  the  C2  system 
more  than  the  traditional  pipeline  routes  between  FOLs  (or  home 
bases)  and  depots.  During  wartime,  this  would  create  a  complex 
OCONUS-to-CONUS  point-to-point  system  filled  with  low-volume 
channels.  Related  to  the  resupply  risk  is  that  posed  by  any  gaps  that 
develop  in  peacetime  between  RSP  authorized  and  on-hand  levels, 
because  aircraft  availability  would  rely  solely  on  inventory  and  re¬ 
supply  rather  than  on  a  combination  of  local  repair  and  inventory. 
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Cost  may  be  the  biggest  disadvantage  of  this  structure,  however.  The 
need  for  an  increase  in  the  serviceable  inventory  of  spare  parts  would 
require  a  one-time  investment  that  makes  this  option  more  costly 
than  the  current  structure. 

CONSOLIDATED  STRUCTURES 

As  with  the  decentralized  structure  without  deployment,  consolida¬ 
tion  would  eliminate  the  deployment  footprint  concern  associated 
with  the  current  structure,  thereby  enhancing  flexibility  to  meet  dy¬ 
namic  F-15  beddown  needs,  and  would  also  provide  what  is  proba¬ 
bly  the  most  attractive  personnel  deployment  profile:  infrequent 
deployments  to  nonhostile  areas.  However,  this  option  is  less  ex¬ 
pensive  than  the  decentralized-no-deployment  option  and  approxi¬ 
mately  the  same  cost  as  the  current  structure  with  today’s  resupply 
times  and  testers  or  fast  transportation  and  ESTS.  And  if  some  of  the 
unique  opportunities  it  offers — such  as  reducing  repair  time  by  re¬ 
ducing  queue  time  through  a  slight  capacity  increase — could  be  suc¬ 
cessfully  implemented,  the  total  cost  would  drop.  The  option  has  the 
added  advantage  of  reducing  total  personnel  requirements,  which 
would  ease  the  strains  on  proper  staffing  of  trained  personnel. 

Like  the  decentralized-no-deployment  option,  consolidated  repair 
would  also  depend  heavily  on  consistent  retrograde  and  resupply 
availability  through  a  theater  distribution  system,  although  com¬ 
mand  and  control  of  these  flows  would  be  less  burdensome.  All  ret¬ 
rograde  from  a  region  would  flow  to  the  same  point,  and  resupply 
would  emanate  from  that  point.  Likewise,  with  exclusive  FOL  re¬ 
liance  on  local  inventory  and  resupply,  consolidated  structures  face 
the  risk  posed  by  any  unfilled  RSP  holes  that  develop  during  peace¬ 
time. 

Consolidating  introduces  another  element  of  risk — implementation. 
Are  the  estimated  resource  requirements  correct?  What  issues  have 
not  been  anticipated?  A  detailed  planning  team  and  a  test  could  help 
ameliorate  this  risk  by  improving  the  information  available  for  a  final 
decision.  One  implementation  concern  is  how  units  and  the 
FSLs/CSL  would  interact.  It  would  be  imperative  to  ensure  that  the 
consolidated  repair  locations  treat  the  aircraft  they  support  with  the 
same  sense  of  ownership  and  urgency  fostered  by  decentralization. 
Similarly,  units  would  have  to  be  satisfied  that  the  Air  Force  Materiel 
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Command  (AFMC)  would  keep  even  higher  RSP  authorized  levels 
filled. 

TEST  OF  AN  F- 15  REGIONAL  REPAIR  FSL 

During  Operation  Noble  Anvil  (ONA),  the  air  war  against  Serbia,  the 
48th  Component  Repair  Squadron  at  RAF  Lakenheath  implemented 
the  FSL  repair  concept  as  part  of  a  system  of  FSLs  set  up  by  USAFE, 
thereby  formalizing  practices  they  had  used  on  an  ad  hoc  basis  over 
the  last  several  years.  Lakenheath  personnel  successfully  supported 
their  own  aircraft  at  FOLs  as  well  as  concurrent  deployments  to  SWA 
using  existing  assets  without  deploying  any  AIS  personnel  or 
equipment.  In  fact,  between  October  1998  and  March  1999,  as  ten¬ 
sions  rose  or  eased,  the  wing  supported  by  this  squadron  made  seven 
different  partial-unit  deployments  back  and  forth  from  Lakenheath 
to  SWA  and  Italy  without  moving  the  AIS  (depicted  in  Figure  7.1). 
Normally,  Air  Force  policy  would  require  that  these  deployments  in¬ 
clude  the  AIS,  but  since  all  of  the  units  were  supported  from  the  Lak¬ 
enheath  FSL,  no  support  equipment  had  to  move.  As  a  result,  airlift 
requirements  for  these  seven  deployments  were  reduced  by  35  C-141 
sorties.  More  than  any  theoretical  description  of  the  flexibility  that 
FSLs  can  provide  in  today’s  dynamically  shifting  environment,  these 
operations  demonstrated  the  advantage  nondeploying  maintenance 
structures  confer  in  facilitating  the  repositioning  of  forces  as  quickly 
as  political  situations  change. 

The  squadron  also  implemented  plans  for  the  Lakenheath  avionics 
maintenance  FSL  to  support  an  augmentation  of  F- 15s  from  CONUS 
for  ONA  with  just  half  the  deployment  footprint  and  personnel  that 
would  have  been  required  had  the  deploying-wing  AIS  moved  to  the 
new  FOL.  In  a  permanent  consolidated  structure,  even  this  limited 
equipment  deployment  would  not  have  been  required,  because  the 
equipment  would  already  have  been  in  place;  thus,  only  a  limited 
number  of  personnel  would  have  had  to  deploy.  In  exchange  for  the 
reduction  in  deployment  airlift,  the  FSL  had  to  rely  on  a  steady  flow 
of  transportation  to  provide  resupply  to  the  operating  locations. 

Lakenheath  logisticians  used  their  prior  experience,  including  that 
gained  in  the  October  1998  deployment  to  Cervia,  Italy  (shown  in 
Figure  7.1),  to  conduct  transportation  planning  for  providing  support 
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Lakenheath’s  deployments  would  have  required 
seven  avionics  test  string  moves  but  actually 
moved  none,  saving  35  C-141  sorties 


to  C ervia 


Figure  7,1 — At  iakenheath  FSLFadiitatioii  of  Operational  Flexibility 
During  a  Time  of  Heavy  Political  Turbulence 


from  an  FSL.  This  enabled  it  to  provide  rapid  and  responsive 
resupply  of  serviceable  parts  to  FOLs  from  the  start  of  ONA  through 
the  intratheater  distribution  system  and  a  Lakenheath-managed 
“distribution  system"  that  augmented  the  joint  system.  The  Laken- 
heath  distribution  system  was  critical  to  the  success  of  the  operation. 
Other  Air  Force  FSLs  established  in  support  of  ONA  relied  solely  on 
the  joint  intratheater  distribution  system  but  did  not  find  it  suffi¬ 
ciently  responsive. 

CONCLUSION 

Air  Force  leaders  and  F-15  avionics  maintainers  in  USAFE,  PACAF, 
and  ACC  made  it  clear  that  they  highly  value  the  reduced  deploy¬ 
ment  footprint,  lower  personnel  turbulence,  and  flexibility  that  con¬ 
solidation  affords,  and  cost  makes  at  least  the  four-FSL/one-CSL  op¬ 
tion  feasible.  However,  the  key  disadvantage  they  cited  with  consoli¬ 
dation  is  the  risk  posed  by  the  need  to  quickly  establish  a  wartime 
theater  distribution  system.  As  discussed  earlier,  Lakenheath  sue- 
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cessfully  established  its  own  effective  distribution  system,  but  other 
ONA  experience  suggests  that  this  result  has  not  been  consistently 
achieved.  Also,  given  the  difficulties  the  Air  Force  has  sometimes 
had  in  keeping  RSPs  at  authorized  levels,  some  are  reluctant  to  move 
to  a  structure  that  relies  more  heavily  on  local  inventory  than  on  lo¬ 
cal  repair.  Thus,  before  moving  to  any  kind  of  structure  that  elimi¬ 
nates  AIS  deployment  (consolidated  or  decentralized-no- 
deployment  structures),  AFMC,  the  Air  Staff,  and  the  major 
commands  should  agree  on  inventory  replenishment  policies  and 
practices  that  produce  a  high  level  of  confidence  in  the  field. 

In  addition  to  continuing  its  ongoing  review  of  financial  policies  and 
ho\v  they  affect  inventory  replenishment,  we  recommend  that  the  Air 
Forc^  review  current  wartime  theater  distribution  plans  for  consis¬ 
tency  with  potential  EAF  ACS  operating  procedures  and  then  work  as 
part  of  the  joint  community  to  modify  them  as  necessary  to  address 
identified  risks  or  performance  gaps.  Even  if  the  Air  Force  then  elects 
to  retain  the  current  structure,  improving  the  wartime  theater  distri¬ 
bution  system  will  reduce  single-string  risk  by  increasing  the  ability 
of  the  distribution  system  to  provide  backup  support. 

Assuming  that  the  Air  Force  and  joint  community  develop  “reliable” 
plans  for  wartime  theater  distribution,  however,  we  recommend  the 
adoption  of  a  consolidated  network  of  regional  repair  locations  to 
reduce  deployment  burdens  and  enhance  flexibility  if  the  Air  Force 
continues  to  use  the  current  testers.  Such  a  network  would  provide 
more  benefits  than  ESTS  adoption  at  less  cost.  If  the  Air  Force  pro¬ 
ceeds  with  ESTS  implementation,  consolidation  would  have  a  some¬ 
what  greater  cost  and  would  provide  marginally  fewer  benefits  than 
it  would  with  the  current  testers.  In  this  case,  the  Air  Force  would 
need  to  assess  the  value  it  places  on  the  marginal  reductions  in  per¬ 
sonnel  deployment  requirements  to  hostile  locations  and  in  deploy¬ 
ment  footprint  that  a  consolidated  structure  would  provide  beyond 
adopting  ESTS  alone.  The  decision  should  then  come  down  to  how 
these  values  compare  to  the  associated  spare-parts  investment  re¬ 
quirement. 


Appendix  A 

TESTER  REQUIREMENTS  MODEL 


The  tester  requirements  model  calculates  the  minimum  number  of 
testers  necessary  at  one  location  to  support  a  given  number  of  air¬ 
craft  operating  at  a  specified  tempo  subject  to  a  maximum  expected 
wait  time.  As  shown  in  Figure  A.1,  the  model  consists  of  three  com¬ 
ponents:  (1)  determining  maintenance  shop  demand,  which  is 
the  total  tester  time  required  per  day  for  each  tester  type; 
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Figure  A.1 — Tester  Requirements  Model  Framework 
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(2)  determining  the  daily  capacity  of  each  tester  type  for  a  given 
number  of  testers;  and  (3)  adjusting  the  number  of  testers  until  the 
expected  maintenance  wait  time  is  less  than  or  equal  to  the  target. 
The  maximum  expected  wait  time  can  be  expressed  as  a  set  of 
maximum  capacity  utilization  targets  for  different  numbers  of 
collocated  testers.  This  appendix  details  the  technical  structure  of 
the  model. 

MODEL  TERMS 

The  terms  used  to  describe  the  model  are  outlined  in  Table  A.l. 

Table  A.  1 

Summary  of  Model  Terms 


Variable 

Definition 

DD(x) 

Daily  demand  on  test  station  x  (hours) 

DDiCx) 

Daily  demand  on  test  station  x  by  LRU  i 

DDCi(x) 

Daily  demand  on  test  station  x  by  LRU  i  for  F-15Cs 

DDEfa) 

Daily  demand  on  test  station  x  by  LRU  i  for  F-15Es 

FHC 

Flying  hours  per  day  for  F-15Cs 

FHE 

Flying  hours  per  day  for  F-15Es 

PTOIMDRi 

Peacetime  supply  system  demand  for  LRU  i  (LRUs  re¬ 
moved/ 100  flying  hours)  (D041) 

NRTSi 

NRTS  for  LRU  i  (%)  (D041) 

#REMt 

Number  of  maintenance  removals  at  Seymour  John¬ 
son  AFB  and  RAF  Lakenheath  over  six  months 
for  LRU  i 

#AWPi 

Number  of  repairs  that  were  initially  AWP  at  Seymour 
Johnson  and  Lakenheath  over  six  months  for  LRU  i 

#BCSj 

Number  of  BCS  removals  at  Seymour  Johnson  and 
Lakenheath  over  six  months  for  LRU  i 

#REPt 

Number  of  successful  repairs  at  Seymour  Johnson  and 
Lakenheath  over  six  months  for  LRU  i 

AWP%i 

Percentage  of  repairs  initially  AWP  for  LRU  i 

RDRt 

Repair  demand  rate  (per  100  flying  hours)  for  LRU  i 

BDRt 

BCS  demand  rate  (per  100  flying  hours)  for  LRU  i 

NDRi 

NRTS  demand  rate  (per  100  flying  hours)  for  LRU  i 

REPTi 

Repair  test  station  time  for  LRU  i 

NTi 

NRTS  test  station  time  for  LRU  i 

BCSTIMEi 

BCS  test  station  time  for  LRU  i 

n(x) 

Number  of  testers  of  type  x 

cfy 

Maximum  capacity  utilization  for  y  collocated  testers 

CU(x ) 

Capacity  utilization  of  tester  type  jc 
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TEST  STATION  DEMAND 

Test  station  demand  is  the  number  of  test  station  hours  required  per 
day  to  test  and  repair  all  LRUs  that  use  the  given  test  station.  De¬ 
termining  demand  is  a  four-step  process  outlined  below  and  in  Fig¬ 
ure  A.2. 

1.  Determine  the  LRUs  that  use  the  given  test  station. 

2.  Determine  the  test  station  hours  required  per  flying  hour  for  both 
F-15Es  and  F-15Cs  for  each  LRU. 

3.  Use  the  operational  scenario’s  flying-hour  requirements  to  de¬ 
termine  the  demand  for  each  LRU. 

4.  Sum  across  all  LRUs  that  use  the  given  test  station. 

Each  test-station  type  is  designed  to  test  a  set  of  LRUs.  The  F-15  Sys¬ 
tem  Program  Office  (SPO)  maintains  a  list  with  the  capabilities  of 
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Figure  A.2 — Test  Station  Demand  Calculations 
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each  test  station.  While  most  LRUs  are  only  testable  on  one  test  sta¬ 
tion,  some  are  testable  on  multiple  test  station  types  (within  the 
same  test  string  configuration).  For  example,  several  LRUs  are 
testable  on  the  display,  microwave,  and  computer  test  stations.  With 
the  model  used  in  this  analysis,  users  can  readily  change  the  station 
on  which  each  LRU  is  tested.  For  purposes  of  this  analysis,  such 
LRUs  were  tested  on  the  test  station  with  the  lowest  total  demand 
from  other  LRUs  in  order  to  balance  demand. 

After  the  list  of  LRUs  for  each  test  station  has  been  determined,  the 
demand  created  by  each  LRU  must  be  ascertained.  LRU  removals 
from  aircraft  result  in  three  types  of  demand:  repaired  on  base,  not 
repairable  on  base  (NRTS),  and  false  failures  (BCS).  The  Air  Force 
supply  system  captures  removals  that  result  in  on-base  repairs  and 
NRTS;  the  information  system  that  records  these  data  is  called  D041. 
D041  provides  two  data  elements:  removals  per  100  flying  hours 
(PTOIMDR)  and  the  percentage  of  these  that  are  NRTS.  Multiplying 
them  then  provides  the  NRTS  event  rate  and  one  minus  that  rate 
yields  the  repair  event  rate.  However,  repairs  may  potentially  visit 
the  test  station  twice.  For  example,  if  the  test  indicates  the  need  for  a 
part  that  is  not  in  stock  and  the  shop  does  not  have  another  LRU 
available  for  cannibalization,  then  the  maintenance  technician  must 
take  the  LRU  off  the  tester  and  tear  the  tester  down  (there  are  differ¬ 
ent  setup  configurations  for  different  LRUs).  When  the  part  comes 
in,  the  technician  will  then  have  to  set  up  the  station  again  and  the 
LRU  will  consume  more  test  station  time.  While  the  LRU  is  waiting 
for  the  part,  the  status  is  termed  AWP.  Manual  data  collection  efforts 
from  Seymour  Johnson  and  Lakenheath  recorded  LRU  removals,  re¬ 
pairs,  NRTS,  BCSs,  and  repairs  that  had  AWP  conditions.  Using  the 
AWP  and  repair  totals  provides  an  AWP  event  rate  for  repairs. 
Adding  this  to  the  repair  event  rate  provides  the  total  repair  event 
demand  rate  on  the  tester. 


AWP%i  =  #AWPt  /  #REP{ 


RDRt  =  (l-  NRTSJ  *  PTOIMDRi  *  (1  +  AWP%J  repair  demand  rate 

NDRt  =  NRTSt  *  PTOIMDRi  NRTS  demand  rate 

Similarly,  the  ratio  of  BCSs  to  the  sum  of  base  repairs  and  NRTS 
serves  as  the  relative  BCS  event  rate  based  on  the  PTOIMDR. 
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BDRt  =  PTOIMDR,  *  #BCS t  /  (tiREM,  -  mCS)  BCS  demand  rate 

For  some  LRUs  used  in  the  model,  the  PTOIMDR  was  not  available. 
In  these  cases,  the  model  estimates  PTOIMDR  through  a  linear 
equation  developed  from  a  regression  with  PTOIMDR  as  the  depen¬ 
dent  variable  and  base  removals  (from  Lakenheath's  and  Seymour 
Johnson  s  manual  data  collection  systems)  as  the  independent  vari¬ 
able.  The  next  section  describes  this  estimation  technique  in  more 
detail. 


PTOIMDR,  (est)  =  #REMt  *0.002254 

The  repair  and  NRTS  times  are  estimated  as  twice  the  BCS  time  (BCS 
time  includes  test  documentation  time,  test  station  setup  time,  test 
time,  and  test  station  teardown  time) . 1 

REPTi  =  2*BCSTIMEi 

NTi  =  2*BCSTIMEi 

Multiplying  event  durations  by  event  rates  provides  the  demand 
rates  (hours  of  demand)  per  flying  hour.  This  is  done  for  the  set  of 
F-15C  LRUs  and  that  of  F-15E  LRUs  to  produce  two  kinds  of  demand 
rates: 

DRCt  =  (RDR,  *  REPT,  +  NDR,  *  NT,  +  BDR,  *  BCSTIMEJ  / 100 
for  all  LRUs(i)  on  F-15Cs 

DREl f  =  (RDRt  *  REPT,  +  NDR,  *  NTt  +  CDRt  *  BCSTIMEJ  / 100 
for  all  LRUs(i)  on  F-15Es 

Multiplying  by  daily  F-15C  and  F-15E  flying  hours  and  then  adding 
the  F-15C  and  F-15E  daily  demands  provide  the  daily  demand  for 
each  LRU  on  tester  x.  If  a  wartime  scenario  is  being  modeled,  the 
flying  hours  should  be  multiplied  by  the  appropriate  deceleration 


^For  repairs,  this  time  includes  running  through  the  test  until  the  tester  indicates  a 
problem,  making  the  repair,  and  then  running  through  the  complete  test  to  verify  that 
the  LRU  is  serviceable.  For  NRTS  events,  significant  time  is  often  spent  trying  to  make 
the  repair  before  the  LRU  is  declared  NRTS.  Personnel  at  several  shops  considered  the 
estimates  of  twice  the  BCS  time  reasonable.  Actual  total  time  on  test  station  was  not 
available. 
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factors.2  Previous  research  has  determined  that  avionics  LRU  failure 
rates  are  not  linear  with  respect  to  sortie  durations.3  The  Air  Force 
employs  the  deceleration  factors  to  estimate  how  the  failure  rates  per 
flying  hour  would  change  at  the  predicted  wartime  sortie  duration. 

DDQ  (x)  =  DRCt  *  FHC  *  deceleration  factor  (if  a  combat  scenario) 

DDEi  (x)  =  DREi  *FHE  *  deceleration  factor  (if  a  combat  scenario) 

DDi(x)  =  DRCi*DREi 

Summing  across  all  LRUs  provides  the  total  daily  demand  on 
tester  x. 


DD(x)  =  'LDDi(x) 


REGRESSION  OF  NUMBER  OF  REMOVALS  AGAINST 
PTOIMDR 

This  section  describes  the  results  delineated  in  Table  A.2  of  a  regres¬ 
sion  of  the  number  of  removals  against  PTOIMDR.  The  resulting  lin¬ 
ear  equation  is  used  to  estimate  PTOIMDR  when  it  is  not  available 
through  D041  data. 

The  F-test  and  R- square  calculations  are  typical  measures  of  good¬ 
ness  of  fit  of  a  regression  model.  The  F-test  significance  implies  that 
we  can  accept  the  hypothesis  of  a  linear  relationship  between  on- 
base  removals  and  PTOIMDR  with  greater  than  99.999  percent  con¬ 
fidence.  The  R-square  of  0.21  indicates  that  the  actual  number  of  on- 
base  removals  at  Lakenheath  and  Seymour  lohnson  for  this  set  of 
LRUs  explains  21  percent  of  the  variation  in  PTOIMDR.  In  terms  of 
goodness  of  fit,  this  regression  model  was  the  best  of  several  different 
models  employing  other  variables  available  from  base  data.  While 
the  R-square  is  relatively  low,  indicating  significant  differences  be¬ 
tween  the  actual  and  predicted  values,  the  absolute  removal  rates  of 
the  set  of  LRUs  requiring  the  use  of  this  model  are  very  low  (all  of  the 
LRUs  without  PTOIMDRs  available  through  D041  are  low-failure- 


2For  this  model,  we  used  actual  Air  Force  wartime  planning  factors  (WMP-5). 

3For  a  discussion  of  wartime  demand  for  aircraft  parts  and  deceleration  factors  see 
Slay  and  Sherbrooke  (1997). 
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Table  A.2 

Regression  of  Number  of  Removals  Against  PTOIMDR 


Regression  Statistics 

Multiple  R 

0.45 

R  square 

0.21 

Adjusted  R  square 

0.19 

Standard  error 

0.17 

Observations 

73 

ANOVA 


df 

SS 

MS 

F  Significance  F 

Regression 

1 

0.511 

0.511 

18.659  0.000 

Residual 

72 

1.973 

0.027 

Total 

73 

2.484 

Coefficients 

Standard  error 

t  stat 

P-value 

Intercept  (set  to  0) 
Number  of  removals 

0 

0.002254 

0.000 

11.465 

0.000 

NOTE:  SS  =  sum  of  squares;  MS  =  mean  square. 


rate  items).  Thus,  the  overall  impact  of  the  error  in  this  regression 
model  is  quite  small. 

TEST  STATION  CAPACITY 

Test  station  daily  supply  is  the  sum  of  the  test  station  uptime  (FMC 
rate)  for  each  mth  tester  of  n  collocated  testers  multiplied  by  the 
hours  worked  per  day. 

Test  station  available  time  (x)  =  X  FMCnm  *  hours  worked  per  day 

In  this  analysis,  the  FMC  rates  for  each  tester  of  n  collocated  testers 
are  considered  to  be  the  same.  The  previous  equation  becomes 
more  important  if  more  sophisticated  modeling  techniques  account 
for  the  effects  of  cannibalization. 

The  overall  FMC  rate  for  each  tester  is  estimated  through  a  demand - 
weighted  average  of  the  FMC  rates  for  each  LRU  tested  on  the  tester. 

FMCnm  =  X  [FMCnmi  *  DDt  (x)J  /  X  DDt  (x) 
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Test  Station  Uptime 

Actual  uptime  by  LRU  for  each  test  station  was  available  at  two 
bases,  Seymour  Johnson  and  Lakenheath.  The  average  uptime  of  the 
collocated  testers  at  the  bases  serves  as  the  average  uptime  for  any 
number  of  collocated  testers  in  the  model.  Depending  on  tester  type, 
these  bases  have  one,  two,  or  three  testers.  Therefore,  the  uptime 
represents  the  expected  uptime  by  tester  for  one,  two,  or  three  collo¬ 
cated  strings  (corresponding  to  the  number  of  each  tester  type  at 
these  two  bases)  with  the  peacetime  level  of  cannibalization  prac¬ 
ticed  by  these  shops.  These  data  are  used  to  empirically  feplicate 
shop  behavior  rather  than  trying  to  fit  a  theory  of  cannibalization  to 
the  data. 

Higher  numbers  of  collocated  testers  could  offer  greater  cannibal¬ 
ization  benefit,  so  the  number  of  necessary  testers  for  the  consoli¬ 
dated  cases  may  be  slightly  overestimated.  If  a  squadron  had  to 
deploy  independently  with  one  string,  the  uptime  would  likewise 
probably  be  lower  than  used  in  the  model,  because  there  may  be 
some  level  of  cannibalization  occurring  when  all  of  the  squadrons 
are  home  at  Seymour  Johnson  or  Lakenheath. 

TESTER  QUANTITY  CALCULATION 

The  test  quantity  is  set  to  maximize  the  capacity  utilization  subject  to 
a  capacity  utilization  constraint.  The  maximum  capacity  utilization 
factor  (CF)  depends  on  the  number  of  test  stations  and  is  set  to  pro¬ 
vide  a  wait  time  in  queue  that  produces  the  repair  time  used  in  the 
spare-parts  model.  Seventy-two  hours  is  the  target  queue  wait  time 
employed  in  this  analysis. 

Capacity  utilization  (x)  =  DD(X)  /  test  station  available  time  (x) 
Determining  the  number  of  testers: 

1.  Lety  =  1 

2.  Let  n(x)  =  y 

3.  If  CU(x)  <  CFy,  then  go  to  6 

4.  Lety  =  y+  1 
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5.  Go  to  2 

6.  n(x)=y 


Capacity  Utilization  Factors 

Spare-parts  requirements  were  computed  using  the  Air  Force’s  cur¬ 
rent  ASM  and  an  SBSS-based  three-echelon  model  as  appropriate. 
These  models  assume  an  average  repair  time  of  about  four  days  to 
repair  an  LRU  on  base.  To  produce  consistency,  the  capacity  utiliza¬ 
tion  factors  are  designed  to  produce  an  average  maintenance  queue 
time  of  72  hours.  For  the  purposes  of  the  model  described  here ,  the 
capacity  factors  were  set  by  determining  the  capacity  utilization  of 
an  s-server  queue  with  Poisson  arrivals  and  exponential  service  times 
C M/M/s )  that  would  result  in  an  average  queue  wait  time  of  72  hours 
(see  Figure  A.3).  Standard  formulas  derived  from  the  birth-and- 
death  process  were  used.  While  the  actual  arrival  and  service  time 
distributions  may  be  more  variable  than  the  Poisson  and  exponential 
distributions,  this  model  should  still  provide  close  approximations. 

p  =  X/s[i  <  1  =  capacity  utilization 


yft/Hn)  t  (X/H)5  1 

n\  5!  l-(X/s|i) 


=  Prob  {no  jobs  are  waiting  for  service} 

Lq  =  P0  (XI p)sp  /  (s!(l  -  p)2)  =  average  length  of  queue 

Wq-Lqi  X-  average  wait  time  in  queue4 

The  model  uses  an  assumed  mean  service  time,  p,  of  7.41  hours,  the 
demand- weighted  average  service  time  estimate  across  all  LRUs. 
The  maximum  capacity  utilization  for  a  given  number  of  servers  is 
determined  by  setting  Wq  to  a  constant  and  then  solving  for  the 


4These  equations  can  be  found  in  Hillier  and  Lieberman  (1986)  and  numerous  other 
sources. 
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Figure  A.3 — Capacity  Utilization  Factors  for  72-Hour  Wait  Time 


demand  rate  that  results  in  this  desired  Wq.  The  capacity  utilization 
constraint  for  the  given  number  of  servers  becomes  this  demand 
rate,  X,  divided  by  the  service  rate,  s\i. 

Figure  A.4  displays  the  capacity  utilization  factors  used  for  the  re¬ 
duced  maintenance  wait  time  excursion  on  page  88  with  results  in 
Figure  6.2. 


Capacity  utilization 
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Appendix  B 

TESTER  REQUIREMENTS  MODEL  DATA 


The  tester  requirements  model  requires  a  multitude  of  data  elements 
describing  test  station  demand  rates,  demand  times,  and  reliability. 
This  appendix  provides  the  data  set  used  to  generate  the  results  in 
this  report  and  describes  the  sources  of  the  data. 

MODEL  DATA 

BCS  times  are  expressed  in  hours.  The  F-15  SPO  column  is  the  BCS 
time  reported  by  the  F-15  SPO  (developed  through  base  data  collec¬ 
tion).  The  base  average  column  is  the  average  of  the  BCS  times  re¬ 
ported  by  Lakenheath,  Seymour  Johnson,  and  Spangdahlem  in  an¬ 
other  data  collection  effort. 

Lakenheath  and  Seymour  Johnson  totals  are  the  sum  of  counts  at 
Lakenheath  and  Seymour  Johnson  over  six  months. 

TESTER  RELIABILITY  DATA  SOURCES 

•  Lakenheath:  Six  months  of  test  station  uptime  by  LRU  by  day  for 
EARTS,  TISS,  EAU,  AIS  (microwave,  displays,  computers,  I&C, 
CNI),  and  METS 

•  Seymour  Johnson:  Five  months  of  test  station  uptime  by  LRU 
for  EARTS /ANT  A/B,  TISS,  AIS  (microwave,  displays),  and  METS 

•  Number  of  collocated  testers  used  to  produce  model  uptime  es¬ 
timates: 
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EARTS/ANT:  2 
TISS:  3 
EAU:  3 
Microwave:  3 
Displays:  3 
METS:  2 
Computers:  1 
CNI:  1 
I&C:  1 
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MODEL  OUTPUT 


MODEL  OUTPUT 

To  allow  for  the  rapid  sizing  of  a  number  of  different  locations  under 
different  operating  parameters,  we  created  a  spreadsheet  model  to 
automate  the  demand  and  supply  calculations.  The  cells  on  the  left 
(see  Figure  C.l)  are  the  input  cells.  The  operating  tempo  inputs 
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Forward  support  location/base  avionics  support  requirements 


Operating  tempo 

Test  string  requirements 

F-15E  F15C 

Aircraft  1 " 

Sortie  rate  1  1 

Number  of  testers  required 

EARTS  2 

Hours/sortie  [  3.19  6.06 

TISS  |2 

EAU  i  1 

Combat  Y&s 

Use  deceleration  factor  for  combat  i  Ym 

is  „„L3! 

Displays  1 2 

Microwave  2 

METS  2 

1  ESTS  5 

Maintenance  shop  work  factors 

Work  hours  per  day  24  ESTS  availability  @1*5^ 
Days  per  week  7 

Test  2  level  ^ 

Computers  )  2 

Indicators  and  controls  \  2 
Comm  navigation 
and  identification  1 

I 

Figure  C.l — Spreadsheet  Model  Input  and  Output  Screen 
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include  the  number  of  F-15Es  and  F-15Cs,  the  flying  hours  per  day 
for  each  based  upon  sorties  per  day  and  hours  per  sortie,  and 
whether  or  not  they  are  flying  combat  or  peacetime  missions.  The 
combat  input  cell  determines  whether  the  model  uses  the  wartime 
planning  flying  hour  deceleration  factors  to  compute  demand.  An 
additional  input  cell  allows  the  analyst  to  model  the  effect  of  a 
combat  situation  without  using  the  deceleration  factors.  Shop-work- 
factor  cell  inputs  include  the  number  of  hours  worked  per  day,  the 
number  of  days  worked  per  week,  and  whether  or  not  the  shop  tests 
two -level  items. 

The  output  cells  on  the  right  are  the  number  of  testers  required  on 
the  basis  of  the  operating  tempo  and  shop  work  inputs.  Note  that 
the  outputs  include  all  three  potential  tester  configurations.  For  the 
testers  that  are  substitutes  in  the  different  configurations,  the  quanti¬ 
ties  for  each  are  alternatives  and  not  additive. 

REQUIRED  SPREADSHEET  TESTER  QUANTITY 
CALCULATION  MODEL  INPUTS 

Operating  tempo: 

Number  of  F-15Cs  and  number  of  F-15Es 
Sorties  per  day  (Es  and  Cs) 

Flying  hours  per  sortie  (Es  and  Cs) 

Combat  status  (combat  or  peacetime) 

Supply  tempo: 

Days  worked  per  week 
Hours  worked  per  day 

Whether  or  not  two-level  items  are  tested  at  the  intermediate  shop. 
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The  goal  of  the  Expeditionary  Aerospace  Force  (EAF)  concept  is  to  rely  on 
rapidly  deployable,  immediately  employable,  highly  effective  and  flexible  air 
and  space  packages  to  flexibly  serve  the  strategic  role  that  a  permanent  for- 
ward  presence  formerly  played  in  deterring  and  quickly  responding  to  aggres¬ 
sion.  Building  on  earlier  analyses  that  framed  a  range  of  general  EAF  sup¬ 
port  concepts,  this  report  assesses  how  well  alternative  logistics  processes 
and  organizational  designs  for  meeting  F-15  avionics  maintenance  demands 
across  the  spectrum  of  EAF  operations  support  this  concept.  The  alterna¬ 
tives  range  from  the  current  decentralized  organization  associated  with  the 
policy  of  deploying  intermediate-maintenance  capabilities  with  the  flying 
units  to  consolidated,  nondeploying  structures.  The  authors  find  that  con¬ 
solidating  F-15  avionics  intermediate  maintenance  and  supporting  operations 
from  regional  support  bases  would  be  more  conducive  to  achieving  the  EAF 
goal  than  the  current  structure,  offering  the  potential  to  quickly  respond  to 
rapidly  changing  situations,  reduce  deployment  airlift  requirements,  and  ease 
the  stress  that  frequent  and  unpredictable  deployments  place  on  maintenance 
personnel.  These  benefits  would  come  at  the  expense  of  greater  reliance  on 
intratheater  distribution. 
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